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Main Approach to Demonstration of Pricing ABM

This memorandum describehe first version ofan activity-based model for pricing studies Fricing
ABM) for CMAPwhich is based ot . Q aRAMP¢platform The document also describes tluata
needs, network preparations, software adjustments, and hardware requiremfentthe model This
document also incorporates multiple discussions betweerPB and CMAP stafthat finalized the
methodology and technical approa¢br modelsystemdevelopment Therewere three major goaldor
this project:

1 Thisproject was considereda first phasein the development of a fulljledged and fully
functional ABM that will servethe planning needs of CMA®&ver the long term For this
reason, we wargd i 2 | @2 A R & & dzNIe& dnteimBdiate sdluoRs, aRk Héll Rs
Y2RSt aAYLX AFTAOIFGAZ2y A (K Ithé futdgre daurRntemNiBnijadad NS
deliver a complete mthodological approach anélexible software systemthat could be
extended inthe future but would have all primary functions in place.

1 The project scope and budgeid not allow for thecomplete development of a regional ABM
(desigrestimationimplementafon-validationcalibration). Thus, certain siplifications and
borrowing fromexisting CIRAMP ABMwasnecessary. Our plamasto borrow submodels
that proved to be relatively generic across different regigopulation synthesis, lontgrm
models, anl activitygeneration components of the Coordinated Daily Actifitavel
Pattern) whilethe tour-level and triplevel submodels for destination choice, tinté-day
choice and mode choice we restructured and reestimatedbased on/ a ! t2(0F Travel
Trackerhouseholdtravelsurvey. The restructuringrimarily addresedthe needs of highway
pricing studies.

1 The model system will not be immediately used for planning studies at CNMSEead it will
serve as alemonstration toolfor the concept, model structure, and softwarelhe model
system vas not fully calibrated across all possible dimensions (highway, transit, and non
motorizedmodesfor each timeof-day period). The focus tiis projectwason producinga
reasonable refication of highwayand overalltargets developed based on the CMAP
householdtravel sirvey. Additional goals includethe demonstration of model sensitivity to
various pricing policiegnd the general viability of the GRAMP model structure and
softwarefor a region of CMARsizeand complexity

There are several key decisions that the CMAP staff and PB rezohe before the approachwas
finalized They are summarized ifable 1. The bold features correspond to the currently adopted
approachand implemented model structure



Tablel: Summary of Key Decisions

Model feature

Implications for model results

Implications for software
and/or hardware

Full simulationor sample
enumeration (e.g. 1/1p

I SNI I AY daf dzY LA
for small projects buacceptable
overall for demonstration of
main elasticities and compariso
across scenarios

10% samplean beimplemented
on a single dual or quad core
processofand itwould not
require distributing. Full
simulation forthe CMAP area
required a new compuer
clusterpurchased by CMAP

Transferred model components
and components developed
specifically for CMAP (see
flowchart below)

Transferred model components
may be somewhat off and
require more extensive
calibration(see the validation
section below for detailed
analysis of each suimodel)

Mode choice model stricture on
the highway sidémustbe
supported by corresponding set
of skimsand multiclass
assignmentg

Main modes by occupang@-4
categorie$.

1=S0oV

2=HOV/2

3=HOV/3

4=HOV/4(not usedsince CMAP
does not envision specificdV4
policies thiswas combined with
HOV/3

Submodes by routeype choice
1=toll/ managedlane

2=norttoll / managediane
3=nontoll / generaklpurpose
lane (the last two nortoll
optionswere combined since no
managedane projects were
considered

Proliferation ofhighway modes
and submodes affects runtime
(mode choice, assignment,
skimming) proportionatelythis
leads to implementation of
traffic assignment for each of th
8 time-of-day periods in parallel
enhancement of the compirig
cluster to 8 computers is dired
in this regardl

Mode choice model structure or|
the transit sidgimust be
supported bya corresponding
sets of skimsvhich wereheld
constant for the pricing
demonstrations)

Main modes:

1=Local Bu€xpress Bus
2=LRTSubway/Metro
3=Commuter Rail

Access modes (combination of
P&R and K&Bkimsis possible
for the first versiong

1=Walk to transit

2=P&R

3=K&R

Proliferation of transit modes
and submodes affects runtime
(mode choice, assignment,
skimming) proportionately




Model feature

Implications for model results

Implications for software
and/or hardware

Mode choice model structurtor
non-motorized and special
modes

Walk and bikemodeled as
separatemodesor together.
Realseparation would require a
network of bike lanes or LOS
estimates. It is not essential for
pricing studies unless area
pricing schemes are considered

Placeholders for both nen
motorized modes were created
in the mode choice structure
with currently simplified LOS
variables based on highway
distance

Population data available at the
TAZ leveand smaller uni{see
table in the Population Synthesi
Section

Quiality of population synthesis
a direct function of the
controlled data. However, a
reasonable level af réedome
has to be ensured for populatio
synthesis

Employment data available at
the TAZ leveland smakr units)

Detailed employment and other
LU data directly affect quality of
the Destination Choice
procedure(2-digit NAICS codes
provided by CMAP

School (KL2) and university
enrollment data

Enroliment data by grade{8, 9
12, major universities, small
colleges is essential for a good
set of schootelated models
was provide by CMAP

Parking choicdor auto trips

Essential for parking policiesd
areas with constrained parking.
Requiresadditional data on
parking supply. Parking cost
estimatesby TAZ (hourly and
daily) are needeas well as
proportion of free vs. paid
parking

Additional choice model that
somewhat affecs runtime but
not significantly currently has
been added tahe model system
as a placeholder with some
synthetic data on patkg rates
and capacities by TAZ

Pedestrian environment quality
variables

Was successfuliypcorporated in
the mode choicemodel and

proved to be significant in trans
mode utilities with a differential
effect by origin and destination

Hourly traffic counts

Neededfor final model

validation




Model Structure of the CMAP Pricing CT -RAMP ABM

This section describes the structure and implementation of seven different regionaivitly-Based
Models (ABMs) that share the ®AMP conceptual desigmd software platform. A key feature of the
CTFRAMP model is that intrhousehold interactions are explicitly represented across a wide range of
activity and travel dimensions. This important feature allows for greater behavioral realism in
representingthe response to numerous transportation policieBlodeling intrahousehold interactions
allows for the very real travel constraints and synchronization among household members to influence
traveler decisions. This feature of-RRAMP is particularly relemt for modeling the response to the
implementation or expansiof HighhOccupancy Vehicle (HOV) and H@tcupancy Toll (HOT) lane
facilities as well as other projects and policies that specifically target vehicle occupanother key
distinguishing fature of CIRAMP is that mandatory activities are generated and scheduled before non
mandatory activities are generated. The use of residual (availablejvtimdows in the generation of
non-mandatory activities provides increased sensitivity to travedtgon the consideration of induced
travel.

The first ABM of the CRAMP family was developed in 2004 for the Mdio Regional Planning
Commission (MORPC) located in Columbus, OH. The Columbus core model structure was adapted for
the Tahoe Regional Plaing Agency (TRPA) in 2006. The Lake Tahoe ABM included special components
to account for the seasonal variability in the Lake Talnegional population and travel moving
to/from/through the region The third and farth ABMs of the GRAMP family have beedeveloped in

LI N» £ £ St F2NJ GKS 'aGtlFydalr wS3IAz2ylt /2YYAaarzy ol w
Transportation Commission (MTC). TARC model system is now fully calibrated and validated and is
being applied to various policies, while th&TC models are undergoing final calibration and will be
applied in fall 2010. Three new members of the GRAMP family were added in 2008 and 2009,
including: San Diego, CA, for the San Diego Association of Governments (SANDAG); Phoenix, AZ, for the
Maricopa Association of Governments (MAG); and Jerusalem, Israel, for the Jerusalem Transportation
Master Plan Team (JTMT).

Each member of the GRAMP family has some distinctive features that were added to tHRAMP

basic design to better address the regibtravel conditions and specifics of the projects of interest. In
particular, the last three GRAMP implementations (for San Diego, Phoenix/Tucson, and Jerusalem)
have many additional advanced features compared to the initial design. The possibilibdify the

basic CRAMP structure and adding new features is based on the modular OOP software architecture.
This feature plagd an important role in ouprojectsince we transfeed the CFRAMP basic structure to
Chicago with some modifications and dtluhis to address a wide range of pricing studies.

The sandard CIRAMP structure flowchars presented irFigurel with the orangehighlightedmodels
specifically redesigneand estimatedoro I & SR 2y / Taavet Tonéikehausemaldtravelsurvey.



Figurel: CFRAMP Structure and Sulllodels Redeeloped for the Chicag&egion
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Choices that relate to the entire household or a group of household members and assume explicit
modeling of intrahousehold interactions sibmodels 4.1, 4.3.1, 4.3.2, 4.4.1, and &}.are drop
shadowed irFigure 1 The other models are assumed to be indivieh@ded for the basic design.

Submodelset1l: Population synthesisThe model system usessynthetic household population as base
input. Thus, this component comes first in tmeodel chain. The population synthesis procedure
creates a list of households, with all household and person attribliased on the input (contrpl
variables defined for each traffic zone. The procedure creates a household distribution in each zone
that matches controlvariables and generates a list of discrete households with additional (uncontrolled)
variables by drawing them from thers@le dataprovided by theCensugPUMS or ACS)

Submodel set 2: Lonterm location choiceslhese submodels include

9 The usual workplace choice for each worker (subdel 2.1), taking int@ccount the person
occupation.

9 The usual school location choice for each studéstibmodel 2.2) taking into account the
school type (university, college, higbhool, elementary school, kindergarten, day care, etc).

Work from home and schooling from home are singled out as special choices altesnatd modeled
explicitly.

Submodel set 3: Mid-term choices ofnidividual mobility attributes These submodek predict the
following set of household and person attributes:

1 Fee parking eligibility for workers in the CBD (snbdel 3.1) determines whether workers
pay to park ithe workplace isn a zone with paid parking.

9 Household car ownership (stinodel 3.2

1 Transit pass holdingf each person (sulmodel 3.3)

9 Transponder ownership for use of tdécilities(submodel 3.3)

Submodel set 4: Coordinated Daily Activityavel Pattern These submodels gnerate and schedule
main activities and travel tours fa@ach household member

The daily activity pattertype of each household member (model 4.1) is the first traetdted sub

model in the modeling hierarchy. This model classifies daily patterns by three types: 1) mandatory
(includes at least oneut-of-home mandatory activity), 2) nemandatory (includes at least one oat-

home normandatol activity, but noout-of-home mandatory activities), and 3) home (does not include
any outof-home activity. However, the pattertype submodel leaves opethe frequency of tours for
mandatory and nosmandatory purposes (maintenance, discretionary) since thesensudels are
applied later in the model sequence. The pattern choice set contains @raee option in which the
person can be engaged &min-home activity only (purposely or because of being sick) or can be out of
town. Daily patterAaype choices of the household members are linked in such a way that decisions
made by some members are reflected in the decisions made by the other memibéssmplemented

11



as a joint choice of pattertype by all household members that considers all possible combinations as
alternatives.

The next set of sulnodels (4.2.44.2.3) defines the frequency and tirmef-day for each mandatory

(work and school) activityur for each household member (note that locations of usual destinations
for mandatory tours have already been determined in ke@gn choice models) Mandatory tour time

of-day (submodel 4.2.3) is defined as a combination of departure time from homeaaridal time back

home for each tour. The scheduling of mandatory activities is generally considered a higher priority
decision than any decision regarding Amandatory activities for either the same person or for the
other household members. Asresd G 2F GKS YIyRIG2NE | OGA@GAGe aoOKSs
are calculated for each person and their overlaps across household members are estimated. Time
window overlaps, which are left in the daily schedule after the mandatory commitment of the
household members has been made, constitute the potential for jaimi horrmandatorytravel. In

some CIRAMP modelsvork or school tour destinatisare assumed to always be the usual workplace

or school locatios. Thisis a reasonable assumption for motlean 90% of mandatory tours. This
essentially éminates sukmodel 4.2.2. Imgeneral, this sumodel can be applied to identify cases where

a different destination is visited

The next major model component relates to joint household travelint tra\el tours are generated and
scheduled conditional upon the available time window left for each person after the scheduling of
mandatory activities.Thismodelcomponent produces a number of joint tours by travel purpose for the
entire householdgub-model4.3.1), travel party composition in terms of adults and childrinodel
4.3.2), and then defines the participation of each household member in each joint householdubur (
model 4.3.3). It is followed by choice pfimary destination sub-model 4.34) and timeof-day 6ub-
model4.3.5)for each joint tour.

The next stage relates to maintenandeurs (shopping and other househol@lated errands.
Maintenancetours are generated by the householsugmodel 4.4.1) andallocated to a single person
within the household for implementatiorfsubmodel 4.42). Their destination and timef-day are
chosen nexfor each maintenance toujgsub-models4.4.3 and 4.4.4).Timeof-day choices for multiple
tours are modeled sequentially for each individual inlerto ensure consistencyf the person daily
schedule.

Discretionary tours are modeled entirely at the individual level. The models include tour frequency
(submodel4.5.1)followed bychoice of destinationsub-model4.5.2) and timeof-day 6ubmodel4.5.3)

for each tour Again, timeof-day choices for multiple tours are modeled sequentially for each individual
in order to ensure consistency of the person daily schedule.

At-work subtours starting and endingt the workplaceare modeled next, takinmto account the time
window constraints imposed by their parent work tour§he submodels include frequency of -atork
subtours (submodel 4.6.) followed by primary destination choice (suibdel 4.6.2) and timef-day
choice (submodel 4.6.3)

12



Submodel set5: Tourlevel details.The next set of sumodels relate to the toutevel details ortour

mode combination(submodel 5.1), exact number of intermediate stops on each falfr and their
purpose(submodel5.2),andlocationof stops by order ofmplementation on each hatbur (sub-model

5.3). This subset of modelss the least transferrableompared to the other suinodel sets. This is
primarily because of the mode choice specifics in each region stemming from the fact that different
mode-spedfic networks play different roles in regional mobility in different metropolitan areas. This
model componentwascompletely reestimated and calibrated for the Chicago region ushey recent
Travel Trackerduseholdtravelinventory from2007.

Submodel set 6: Trifpevel detailsThese submodels add details for each trip including trip mode details
conditional upon the tour mode combinatiqeub-model6.1), parking location for auto tripss(ilbmodel

6.2), park &ride parking location chioe (si-model 6.3 that haso farbeenapplied for the Jerusalem
ABM), and dparture time for each trip from/to home, primary destination, or secondary stithin the

tour time-of-day window (Suimodel 6.4.). The parking location for auto trips does not necedy
coincide with the trip destination. If parking capacity is constrained and/or parking cost is high, drivers
may choose to park remotely and then walk to the destination.

Submodel set 7Network simulations This component encapsulates the interface between the demand
model system and network simulation model. TheRAMP ABM system first generates a full list of
individual trips for the entire regional population with all necessary attributes for a nétwmonulation
such as origin, destination, mode, departure time, travel party siakie oftime, etc (submodel 7.1).
This format can be utilized directly by a traffic microsimulation or DTA model. If needed, individual trips
can be summarized into trifables by mode and timef-day as required for conventional static traffic
assignments and transit assignments (sanbdel 7.2). Finallyrip assignmert for auto and transit trips
based on route choice in the network equilibrium framework are implemerfgibmodel 7.3). This is
not a CTRAMP component per s@ssignment (whether static or dynamic) and skimilding were
implemented using Emme. @AMPwas fully equilibrated with theEmmeprocedures in a feedback
framework.

In the CIRAMP model chaisub-models4-6 are interlinked througtvariouslog summeasures and
time-space constraintsln addition, the uppetevel submodels 23 are fed by various accessibility
measures that are sgesitive to travel time and landse densities. The entire modatstem (submodels
1-7) is integrated with highway and transit network simulation procedures and applied iteratively with
special provisions for reaching global demamugply equilibrium.

Model Requirements for Pricing Projects and Policies

An assessment of modeling requirements must necessarily start with a good understanding of the types
of tolling applications under study. In terms of modeling requirements, the potential tolling applications
can be classified as follows:

9 Traditional progcts: new toll roads and new toll bridges,
9 Existing freeways or bridge tolling,
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1 Tolled managed lanes: HOT lanes, express lanes, andatnlyckanes, including dynamically priced
lanes,

9 Cordon or area pricing: at an inner cordon or at the urban growtmidary,

1 Mileagebased road pricing.

There are model requirements that apply to any road pricing study, while others are relevant only for
specific applications. Some model requirements are considered essential, while others may be left for
advanced stagesf the study. Table?2 lists the modeling requirements corresponding to the typology of
tolling applications listed above At a minimum, the mode clte and assignment models must be
sensitive to the toll cost through the use of generalized cost functions and adequate VOT segmentation.
A more advanced treatment would include considering the delays at toll plazas and access ramps (if
any), furthersegmentation of VOT, addressing travel time reliability, including-prate toll versus no

toll choice, and equilibrating generalized cost through trip distribution, in addition to mode choice
equilibration. There are several examples of U.S. travel demardkisian practice (in particular, ABMs
applied by the B team members in New York, Samancisco, and Montreal) that already incorporate at
least some of these features, with the exception of travel time reliability.

From a modeling perspective, these apptions can be further grouped into two general classes:
facility-specific tolling (one or more roads), or cordon/area pricing tolls, which would include mileage
based pricing. The main difference between these two groups is the importance of the trip
frequency/trip generation decision. Under cordon/area pricing or ubiquitous mikkaged schemes, it

is essential to model the trip suppression effect of the toll. On the other hanergote choice is less
important because all possible routes wouldtb#ed, and therefore there would be no free alternative.

Advanced modeling of the lortgrm effects of these types of schemes necessarily requires integration
with a land use model, so that decisions about residential location and commercial lancansaec
informed by the regiofwide changes in the cost of traverlhis is particularly important when the policy
under consideration seek® tinfluence landuse patterns. The corresponding components of the travel
ABM are closely intertwined with componsnof the land use modelthis particular aspect was left
open inthe current project.

In the framework of the current project, the list of sensitivity esind corresponding projecisdlicies

for demonstration of the Pricing ABMas suggested b€ MAPand included two different toll increase
strategies on the existing toll facilities onlyhe first strategy included raising tolls by a factor of 5 in all
time-of-day periods The second strategy included raising 2dily a factor of 5 in peak periodsly
(7:009:00 AMand 4:006:00 PM). All essential features listed ifable2 were incorporated. Many of

the advanced features &re also incorporaté while some other onewere reserved for further model
improvement efforts. A subset of advanced features included in tha&rent version of CMAP €RAMP
issummarized in the next sukection.
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Table2: Summary of Model Features by Type of Pricing Applications

Type of PricingApplication

Model Features

All Road Pricing Studies

Essential
Toll facilities coded in the highway
network with toll incorporated in the
generalized codfunctions

Advanced
Toll plazas and access ramps coded
with realistic delay functions

Segmented VOT by travel purpose
and income group in demand mode

Probabilistically distributed VOT;
Perceived highway time by congestid
levels/reliability

Segmented VOT by vehidkss in
traffic assignment

Additional vehicle class stratification
by VOT

Preroute (toll vs. no toll) sulzhoice

Mode choice and assignment
equilibration

Inclusion of trip distribution in
equilibration through multimodal
accessibilities

Cordon andArea Pricing

Trip generation sensite to
accessibility/generalizedost

Accounting for trends in flexible/
compressed work schedules and
telecommuting

Residential location and commercial
land use models integrated with the
transport model andsensitive to
generalized travel costs

Congestion Pricing road-,
area, or cordonbased

Peak spreading model

Timeof-day choice modewith a fine
level of temporal resolution;
Accounting for trends in flexible/
compressed work schedules and
telecommuting

Dynamic (Reallime) Ricing g
road-, area, or cordonbased

Special network/toll equilibration
procedure

HOT/Express Lanes

Car occupancy (SOV, HOV2, HOV3
sub-choice in mde choice

Additional vehicle class stratification
by occupancy in assignment

Mode choice sensitive to household
size

Explicit modeling of joint household
travel

TruckOnly Lanes

Segmented VOT by truck classes in
traffic assignment

Preroute (toll vs.no toll) choice
Agentbased models

Road Pricing in Parallel with
Transit mprovements

Mode choice with developed transit
nest

Bus speeds linked to highway
congestion

Road Pricing in Parallel with
Parking Blicies

Parking cost inclusion in mode
choice, and in trip distribution

through multimodal accessibilities

Parking location choice model for aut
and driveto-transit trips with parking
constraints
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Two other equally important aspects of travel model design thee nature ofthe toll schedule,in
particular differences in toll or price across vehiclpday and vehicle occupancy, tiro&day, static
versus dynamic pricing, arttie nature of policies that complement the pricing applicatiosyich as
improvements to transit service or pang restrictions. The requirements for the most likely tolling
options are also listed iable2. These tolling application options cut across the types of projects listed
above. For example, a peak spreading and/or tofiday choice model would be required if the study
is considering variable timef-day pricing, regardless of whether the applioa is freeway or cordon
based.

Specific modeling requirements related to the toll schedule and complementary policies are summarized
as follows:

1 Congestion pricing necessarily implihat tolls would vary by timef-day, and possibly by vehicle
type; therefore, the model needs to be sensitive to tirnéday travel decisions with a fine level of
temporal resolution, whether just within the peak periods (peak spreading model) or across time
periods (timeof-day choice model).

1 Dynamic pricing requires th#olls be set as a function of congestion levels in a-teaé basis. This
type of tolling schedule can only be modeled using advanced toll equilibration procedures between
the network simulation and the demand model.

1 HOT and express lane studies, whére tolls may vary by car occupancy levels, require specific
modeling of the occupancy choice, as well as assignment stratification by occupancy levels to
restrict urpermitted vehicle types from using the managed lanes. Sensitivity to household size is
highly desirable, since opportunities to form carpools as waslhe need to do so are greater in
large households and among families with children.

1 Transit improvements and restrictive parking policies are often studied as policies complementary to
road picing. To do so requires adequate treatment of the transit options and parking costs
throughout the model.

The modeling requirements listed ihable 2 as "essential" for the analysis of truokly lanes may
appear fairly modest, but they reflect the state of the practice. There is a high degree of complexity
associated with how the freight transport sector responds to tolls and other road transpeet ¢t
service attributes, and we are not aware of any operational model with a proven ability to capture these
effects. The oncurrent CMAP freighproject by Cambridge Systematicshould be able tosupply
segmetted freight demand trip tablefor different types of tucks,commercial vehicleandtime-of-day
periods Thisshould be able to beintegrated with the core Pricing ABMna network equilibrium
models.
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Summary of Implemented Model Features

In this subsection we provide a concise-oap of themain model featuresncorporated inthe CMAP
Pricing ABM. All these features are supported in the basiRAMP structure described above. The
following features are of particular importance:

1 Enhanced temporal resolution The timeof-day choice model \as implemented with a 30min
resolution to address various congestion pricing schedules and associategpeakling effects.
Trip departure time choice within the tour windowas alsamodeled. The corresponding highway
assignment procedes (in EMME)cover 8 time-of-day periods andrun in parallel across 4
computers The enhanced temporal resolution is also important for future integration with DTA.

1 Carpooling as joint travel arrangement with subsequent impact on mode chbiegel gepration
and mode choice sulmodels as well as corresponding assignment procedfiifsaddresed the
specifics of carpooling and joint travel. The madelble to address HOV lanes and HOT lanes with
differential eligibility rules or toll discounts by occupancy (2nd 3+ persons).

1 Route type choicéoll vs. nontoll and/or managed lane vs. genefalrpose lane) as the lowdevel
dimension in the mode choice structure.

1 Impact of congestion and pricing on activity & patterfike basic GRAMP stucture include an
advancel system of accessibility measures recently incorporated in the SANDAG and MAG ABMs.
This component ensures that congestion and pricing effects propagate through mode choice, time
of-day choice, and destination choice to the uppevel models that predict tour frequency and
chaining pattern for each tour. The - ®RMP structure also allowssting ofpolicy scenarios and
trends like compressed wodchedules antkelecommuting.

1 Multi-class traffic assignment and elaborate skimgproceduresTraffic assignment and skimming
procedures were developed in EMME to support thericing ABM. User classes addex$sehicle
type, car occupancy, willingness to pay dpland willingness to usenanaged lang Special
provisionscan alsobe made to model dynamically priced lanésecessaryto the extent possible
with conventional static assignmént

91 Individual parameter variatioriChe pricing ABM includaghe advanced featuref distributed value-
of-time (as applied in the pricing véom of the SFCTA ABMNd the MTC version of GRAMB;
license plate rationingeature (as applied in the pricing version oéN York ABM)can also be added
if necessary

1 Travel time reliabilityThe pricing ABM includeadvanced optional features to accaufor travel
time reliability factos (to the extent possible with cventional static assignment In particular, the
modelcanRA FFSNBY G A I G S st e @it & Nifieent Mg cardifignS(free flow,
moderate congestion, heavy condies, and gridlock). This based on the findings and methods
developed in the NCHRP-68, SHRR C04, and SHRHA.04 projects.

1 Detailed reporting and mapping options for equity analysis and other special types of analysis
associated with pricingPricing studies are associated with additional and sometimes quite detailed
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analysis of winners and losers. The pricing ABM outpnfully address these special
requirements.The Clw! at @A &dzZ ft AT A2y & RBiutar€edtdncehderdt. OFy 065

CT-RAMP ABM Segmentation

Person-Type Segmentation

The CFRAMPABM system is implemented in a futlisaggregate microsimulation framework. A key
advantage of using the microsimulaticapproach is that there are essentially no computational
constraints on the number of explanatory variables can be included in a model specification. However,
even with this flexibility, the model systenmcludes some segmentation of decisiemakers.
Segnentation is a way to characterize person roles within a household, and is a useful tool to structure
models. For example, eaplersontype segment can have its own model for certain choices. Note that
segments can be created for households as well asgms. There is variation in travel behavior within
each segment due to variables like exact age, gender, exact income, education level, etc. However, the
internal level of variation within each segment should be lower than the variation between the
segnents. In other words, the segmentation should encapsulate the most significant differences in
travel behavior.

A total of eight segments of persdypes, shown inrable 3, are used for theCFRAMPmModel system.

The persorypes are mutually exclusive and collectively exhaustive with respect to age, work status,
and school status. Every person modeled in the microsimulation process belongs to ooelaonde
segment.

Table3: Person Types

NUMBER PERSONYPE WORK STATU! SCHOOL STATUS
1 Fulttime worker 18+ Fulktime* None

2 Parttime worker 18+ Parttime None

3 Nonworking adult 18¢ 64 Unemployed None

4 Nonworkingsenior 65+ Unemployed None

5 College student 18+ Any College +

6 Driving age student 16-17 Any Precollege

7 Non-driving student 6¢15 None Precollege

8 Presschool 0-5 None None

*Full-time employment is defined as at least-36 hours/week depending on the definition used in the Household Travel
Survey. Partime workers workless than 385 hours/week but work on a regular basis. In the NHTS 2008 surveymtis.
part-time status was a direct question.

Further, workersare further stratified by their occupation In the current version of th€€ MAPABM,
there arel2 occupational categorieaggregated ofhe 2-digit NAICS codesThe categories are given in
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Table4. Theseareused tofully segment zonal terms for work location choice, based on the occupation

of the worker.

Table4: Occupation Types in thEMAPABM

NUMBER DESCRIPTION

Manufacturing

Transportation, utilitiesor warehousing

CommunicationsfAformation

Retail (etail trade +wholesaletrade)

Finance and insurancegal estate, rental, or leasing

Professional, sentific, or technical servicemjanagement of companies or enterprises

Educational services

Health care or social assistance

OO N0 A~ W N

Arts, entertainment, or recreation

[EEN
o

Accommodatioror food service

[EY
[EY

Government(public administration)

[EEN
N

management, or remediation services)

Other @griculture,mining, construction, other servicegdministrative, support, waste

Segmentation of workers by occupation is a very welcome improvement for the workplace location

choice modethat is of crucial importancenithe ABM model system chaifirst, segmenting work flows

by occupation allows foamore behaviorally realistic structure whetiee & NA I K (i £

LJS 2théf S

GNRIKGE LI neddSatily the/ddsesft plidn most of the previousABMs, segmentation by
income groups was used in order to somewhat account for heterogeneitiye labor force and job

market. In general,average commute distances increase with higher worker incomes and more

specialized occupationsin order to support the segmentation of work flows by occupatiboth
workers (in the population synthesis procedure) and johs (lefined in the land use datare

segmented in a compatible way.

The SANDAG ABM was the firstfRAMP model where worker seagntation by 7 occupation categories

(which are consistent with the PECAS land use meged)adoptedas shown ifmableb.

Table5: Occupation Types in the SANDAG ABM

NUMBER DESCRIPTION

White collar labor
Work at home labor
Service labor

Health labor

Retail and food labor
Blue collar labor
Military labor

N[OOI WIN|F
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In the MAG ABM the occupation categories included in the NHTS 2008 were used as sh®abléb

with their relation to the NAICS codes by which the zaraployment was provided. It should be
mentioned that the categories used in the NHTS 2008 are not the best for travel modeling and they
should be reconsidered the future.

Table6: Occupation Types in thehoenixNHTS 2008adopted for MAG ABM)

NHTS ‘ DESCRIPTION NAICS DESCRIPTION

42 | Wholesale Trade
52 | Finance and Insurance

1| Sales or marketing

44 | Retail Trade

45 | Retail Trade

Clerical administrative or 53 | Real Estate and Rental and Leasing
retail 71| Arts,Entertainment, and Recreation
72 | Accommodation and Food Services
92 | Public Administration

11 | Agriculture, Forestry, Fishing and Hunting
21| Mining, Quarrying, and Oil and Gas Extracti
22 | Utilities

Production, construabn, 23 | Construction

3 | manufacturing, or 31| Manufacturing

transport 32 | Manufacturing

33 | Manufacturing

48 | Transportation and Warehousing

49 | Transportation and Warehousing

51| Information

54 | ProfessionalScientific, and Technical Servic
55 | Management of Companies and Enterprises
Administrative and Support and Waste
56 | Management and Remediation Services
61 | Educational Services

62 | Health Care and Social Assistance

Professional, managerial
or technical

5 | Person care and services 81 | Other Services (except Public Administratiof

Compared to even the most advanced and recenRBMP ABMs developed for San Diego and Phoenix,
the CMAP CRAMP ABM takes one step further in terms of dethilepresentation of journejyo-work
flows.

Household-Type Segmentation

The majority of household characteristics are derived from the characteristics of the household
members. For example, such important household characteristics as number of workers, number of
non-working adults, and number of hddren (altogether frequently referred to as household
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composition) are derived from the persdevel attributes. However, there are several important
attributes that relate to the entire household and can be effectively used for a full or partial
segmettation of the ABM submodels.

Householdtype segments are useful for paefining certain data items (such as destination choice size
terms) so that these data items can be maculated for each segment. Pealculation of these data
items reduces mdel complexity and runtime. The household segmentation actually varies for any given
model component, but to be complete the basic segmentation is presented here. The segmentation is
based on household income as an important determinant of activitiesti@wel behavior, and includes

five segments, as shown Trable7.

Table7: Household Income Groups

TYPE  DESCRIPTION HOUSEHOLD INCOMI
(2005 DOLLARS)

1 Very low income $0-$30K

2 Low income $30K-$60K

3 Medium income $60K-$100K

4 High income $10K- $150K
5 Very high income $150K+

In addition to householdegmentation by income grougfter the household caownership model has

been applied, household segmentation by relative car sufficiency is applied in many models since car
sufficiency has a strong impact on the mode preferences and derived accessibility measures used in
almost allsubmodels ofthe ABM. Households are segmented by four car sufficiency groups: 1=zero
cars, 2=low (cars fewer than workers), 3=balanced (cars equal to workers), 4=high (cars greater than
workers)g as shown imable8.

Table8: Household Groups by Car Sufficiency

Number of Number of household cars

household workers [ 1 2 3 4+

0 Zero High High High High

1 Zero Balanced | High High High

2 Zero Low Balanced High High

3 Zero Low Low Balanced High

4+ Zero Low Low Low Balanced

Activity -Type Segmentation

The CMAP household travel survey contaime than 20 different activity codes. Modelialj of those
activity types would add significant complexity to estimating and implementing the model sy#ism
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the survey sample is too small to support such a level of detail, so these detailed activity types are
grouped into more aggregate activity types basadthe similarity of the activities. The activity types

are used in most model system componenfigm developing dailyactivity patterrs to predicting
tour/trip destinations and modes by purpose. The set of activity types and associated trip purposes
applied in the CMAP eRAMP ABMidentical to the set applied in the recently developedRAMP
ABMs for ARC, MTC, SANDAG, and N&&Bown inTable9.

Table9: Activity Types and Associated Trip Purposes

TYPE PURPOSE \ DESCRIPTION CLASSIFICATIC ELIGIBILITY
1 Work Working at regular workplace or| Mandatory Workers and
work-related activities outside students
the home
2 University College + Mandatory Age 18+
3 High School Grades 912 Mandatory Age 1417
4 Grade School Grades K8 Mandatory Age 513
5 Day care All day care types Mandatory Age 04
6 Escorting Pickup/drop-off passengers Maintenance Agel6+
(auto trips only)
7 Shopping Shopping away from home Maintenance Age 5+ (if joint
travel, all persons)
8 Other Personal business/serces, and | Maintenance Age 5+ (if joint
Maintenance medical appointments travel, all persons)
9 Social/Recreation| Recreation, sporentertainment | Discretionary | Age 5+ (if joint
travel, all persons)
10 Visiting relatives | Visiting relatives and friends Discretionary Age 5+ (if joint
and friends travel, all persons)
11 Eat Out Eating outside of home Discretionary Age 5+ (if joint
travel, all persons)
12 Other Volurteer work, religious Discretionary Age 5+ (if joint
Discretionary activities travel, all persons)
13 Special event Sport or cultural event Discretionary | Age 5+ (if joint
travel, all persons)
14 Trip to or from Longrange travel by air Special type Age 5+ (if joint
airport travel, all persons)

The activity types are also grouped according to whether the activity is mandatory, maintenance, or
discretionary, and eligibility requirements are assigned determining whickopaypes can be used for

generating each activity type. The classification scheme of each activity type reflects the relative
importance or natural hierarchy of the activity, where work and school activities are typically the most
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inflexible in terms ofyeneration, schedulingand location whereas discretionary activities are typically
the most flexible on each of these dimensions. However, when generating and scheduling activities this
hierarchy is not rigid and is informed by both activity type aativity duration.

Each outof-home location that a person travels to in the simulation is assigned one of these activity
types. In the MAG ABM, in addition to activities generated by the core demand models, several
important activities, such as specmlents (as a special type of discretionary activity) and trips to and
from airports are supphgriven and assigned to persons. Supgitiven activities have a predetermined
location and are generated in a different way compateddemanddriven activities. Activities are

either demanddriven (generated by disaggregate core demand models) or sulpplyn (generated by
aggregate models and assigned to persons).

Temporal Resolution

The model systenfunctions at a temporal resolution of onbalf hour. Thesehalf-hour increments
begin with 3:00 AM and end with 2:59 AM the next day, though the hours between 1:00 AM and 4:59
AM were aggregated to reduce computational burden. Temporal integrity is ensured so that no
activities are scheduled with conflicting timéndows (overlapping time for the same individual), with
the exception of short activities/tours that are completed within a Hadlir increment. For example, a
person may have a very short tour that begins and ends within the 8:38:BAM period, awell as a
second longer tour that begins within this time period, but ends later in the day.

Time periods are typically defined by their midpoint in both estimation (whentthgel survey is
processed) and application (when the demand model input anguiuare interpreted and coordinated
with the network simulation software). For example, in a modgstem usinghalf-hour temporal
resolution, the 9:15 AM time period would capture activities or travel between 9:00 AM and 9:29 AM.

Tourlevel timeof-day period combinations by outbound time interval (departure from home) and
inbound interval (arrival back home) are summarized able10. In this ase, tour duration includes
both time spent on participation in the activity and time spent on travel. A similardiwensional
structure is applied for modeling timef-day choice for work activity episodes where departure time is
replaced with work advity start and arrival back home is replaced with activity end. In this case,
duration includes the activity episode onlyhis structure has beesuccessfully applied in the SBiego

and Phoenix GRAMP ABMs.

Table10: TourLevel Timeof-Day Period Combinations

Tourlevel Departure from home (or| Arrival back home (or Activity & travel
TOD activity start) time activity end) time interval duration average
alternative | interval value

1 1 3:00 AM4:59 AM 1 3:00 AM4:59 AM 0 0 mint
2 1 | 3:00 AM4:59 AM 2 | 5:00 AM5:29 AM 1 30 min
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3 1 | 3:00 AM4:59 AM 3 5:30 AMS5:59 AM 2 60 min

X 1 | 3:00 AM4:59 AM X | X X X

39 1 | 3:00 AM4:59 AM 39 | 11:30 PM11:59 PM | 38 1,140min
40 1 | 3:00 AM4:59 AM 40 | 12:00 AM2:59 AM | 39 1,170min
41 2 | 5:00AM-5:29 AM 2 5:00 AMS5:29 AM 0 0 min

42 2 | 5:00 AM5:29 AM 3 5:30 AM5.59 AM 1 30 min

X X | X X | X X X

818 39 | 11:30 PM11:59 PM | 39 | 11:30 PM11:59 PM | O 0 min
819 39 | 11:30 PM11:59 PM | 40 | 1200 AM2:59 AM |1 30 min
820 40 | 1200 AM2:59 AM | 40 | 12:.00 AM2:59 AM |0 0 min*

For open intervals like the first interval and last interval, averagezssn duration can be imputed for
the inter-interval tours based on the observed durations in tieeisehold tavelsurvey.

By combining 40 departure intervals with 4@rival intervals and taking into account that the arrival
interval must be later than or equal to the departure interval we arrive at 820 alternatives
((40x(40+1))/2). A tour timef-day choice model of this structure and level of resolution has been fir
successfully estimated and applied in the San Diego ABN& submodel structure was adopted for the
CMAP ABM with all coefficients-estimated based on the recent Chicago household travel survey. The
enhanced level of temporal resolution is essahfor pricing studies and specifically for portraying peak
spreading effects and congestion pricing impacts.

A critical aspect of the model system is the relationship between the temporal resolution used for
scheduling activities and the temporal réstoon of the network simulation periods. Although each
activity generated by the model system is identified with a start time and end time inhbalf
increments, levebf-service matrices are only created f& periods for which traffic and transit
assgnments are actually implemented.Thus, a certain aggregation of mdee trips by timeof-day
period has to be implemented. This limitation is purely technical and due to rapid advances in computer
power and multiprocessing it will be lifted in the fuguin one of two possible ways: 1) Static simulations
will be implemented for all halfiour periods separately, or 2) Dynaniaffic assignment will be applied

for the entire regional network for a 2dour period.
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Technical Aspects of CMAFRS Pricing ABM

Our approachio create a fullyfunctional advanced ABM for the CMAP region in a very short time frame
wasbased on two major principles:

T

Focused functionality We deliveed a fully-functional mode] although its immediatepplicabilityis
limited to highway pricing studiesHowever, the model systemncorporated all of the innovative
features of previos ABM development efforti® order tofully addresd a! t Qa LI I yy Ay 3
work program. The CMAP Hcing ABMis sensitive to a widevariety of pricing forms and projects,
including those where aggregateur-step models fail to provide reasonable forecas&xamples

are described in the section on model validation and sensitivity tests below.

Modularity and opennesste model sgtem and software implementation that we utiliddor this
project has beerdesignedto take advantage of objeairiented programming (OOP) principles and
modern software design patterns. This design provides efficiencies in the transfer of the model
sysem from previous implementations to thEMAPRegion and allowsfor the addition of key
features inthe future.

To achieve these two goalse implementedhe Coordinated Travel ¢ RegionalActivity-BasedVodeling
Patform (CTRAMP) for the Chicago regianilizing the existing software platform developégt PB and
successfully applied for seven ABMs in practidée transfered the main CIRAMP structure to CMAP
and male special provisions for model components x&lst for highway pricing studies, as shown in
Figure2 below.

Figure2: Software Transfer Principles

Existing software platform CMAP Pricing ABM
/
/-’  UEC spreadsheets for tour models developed
/ for CMAP
/  UEC spreadsheets for other submodels
// ARC/MTC bqrroweq and calibrated o
Ve “UEC spreadsheets 1 Minor adjustments of market definitions
// *Market definitions
J/
{,/ CT-RAMP: 1 Minor adjustments for Model Flow
/ *Model Flow \\ T Refinement for pricing components
*Model Components \ 1 Extended reporting options for pricing

+Inputs/Outputs

/ Common Modeling Framework: .
y *Matrix Classes N\ . - .
y -LogitModel £|> 1 No major revisions for CMF at this stage
s «Utility Expression Calculator \\
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The software developed for the implementation G FRAMPconsists of three essential components, as
shown in the pyramid structure iRigure2. At the bottom of the pyramid is @ollection of Java libraries
specifically designed for the implementation of disaggregate travel demand maddiisd theCommon
Modeling Framework (CMF)'he CMF package consists of a library of general classes and methods that
are used to construct operational ABMs. This library is open source and is actively supported by PB. Itis
used by software architects and programmers in the software developm@tess, but is not normally
modified by the end user. The CMF contains a number of packages that are essential for the
implementation of ABMSs, including discrete choice model construction and mathematics, matrix
handling, and a powerful utility speaétion and solver package described in greater detail below.

The CIRAMP model has been implemented in a separate packalgieh contains model logic, choice
model structure, and model flonshown as the middle layer of the software design pyranGd&RAVP

model flow is roughly comparable to a macro script of EMME or TransCAD GISDK script that essentially
defines the model system structure. This layer of the pyramid is created by the software architects and
programmers and may change or be tailored fpedfic regional conditions. It is normailgt modified

by the end user.This software package was-developedfor the Atlanta Rgional Commission (ARC)

and SarfFrancisco Metropolitan Transportation Commission QACTRAMP models, and is utilized by

both model systems.

The implementatiorspecificutility equations and model inputs and outputs are contained in Utility
Expression Calculator (UEC) fitesl minimal supporting software, as shown at the very top of the
software pyramid These Excddasedfiles open up the model® end usersso that parameters, input
files, and certain choice model alternativesan be easily accesseahd changed if necessaryAn
example of a UEC spreadsheet is showkidiure3. These tend to be the least transferable components
of the model system, including mode choice, gabdels for special events, and the variables used for
generating synthetic populations. 8hpart of the software pyramid is analogous to control files with
parameters (or relevant parts of macro scripts) used in transportation software packages. The top of
the pyramid can often be modified by the emder and can be easily maintained and ugdbby CMAP
staff if necessary.lt is this level of the pyramid thabas undergae the most change in order to
implement CIRAMP for the Chicago region.

For the current project, the bottom foundation (CMFaswdopted with no change. The middle part
(CTFRAMP structure) requideonly minor adaptation to address specific requirements of pricing studies
and associated advanced model featufés example, timeof-day choice with temporal resolution of
30 mirutesthat was first implemented in the San DiegoRAMP ABM and used as a prototype for the
time-of-day choice component of the CMAP ABM
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Figure3: Example Utility Expression Calculator Spreadsheet

Arow for each utility term A column for each
alternative (0, 1, 2, and 3+
autos)

Model 3 Decision-making-unit h X Alt
Mo Token Filter Formula for variable Indesx Alt1 Alt2 Alt3 Altd

0_autos 1 auto 2 autos 3+ autos
] Alternative-specific constant i -5.352 -2.132 u] -0.768
o Household Size 1 i@ size==11 ) 2613 21720 on 0000
5 Househnld Size 2 i@ size==2 1 ) 0.000 n4on” on 1573
! Income Group 1 ifig@income==1,10) 2878 2188”7 0o -1.288
15 Income Group 2 ifiE@income==210) 1.734 1730 0o -1.061
15 Incame Group 3 ifig@income==3,1,0) 0.000 11627 0.0 -1.025
7 Incorme Group 4 ifi@income==4,1,0 0.000 0.665" 0.0 -0.535
B Worker O iffgraworkers==0,10) 1.015 n.oo0” 0.0 0.000
] Wnrker 1 iff@Eranrkers==11 1) 0.000 noon” on 0000
0 Winrker 2 iff@Erawnrkers==2 1 1) noon -ngsa’ on 0 k48
M1 Wnrker 3+ ifiErawnrkers==3,1 0 2195 noon” on 2287
"2 GVEAD retiremant zone ifi5Y_SAD_IND==1,10) z 0.000 1.2007 0.0 0.000
"3 HIRET retirement zone ifiH_RET_IND==1,10) z 0.000 096" 0.0 0.000
"4 Tot ernp wi 20 min by transit, normalized trn20w_ermp z 0.014 0.000” 0.0 0.000
15 Percent of TAZ wii 1/3 mile of transit stop shortvyalk z 0.021 n.oio” 0.0 0.000

A description Aformula field for Coefficients for each
for the term computing data items term and alternative

There are a significant nurber of additional improvements and new suiodels currently being
developed for CFRAMP ABMS folSan DiegoAssociation of GovernmentsSANDAYL Maricopa
Association of GovernmentMAG), and &rusalemTransportationMaster Pan Team (JTMTthat canbe
reseved for futuremodelenhancements The upper part of the pyramid (model parameters) incldide
all newly estimated modelstifose that aremost important for pricing studies) and minor adaptation
(recalibrationof alternativespecific constanisfor the res of the models.

To achieve project objectives while providing CMAP with a solid foundation for future enhancements,
we addressedhe following key issues:

1 Compatibility with the current CMAP databas®ince in the project time frame \itas unrealistic to
undertake new significant data collection efforts, the pricing ABlE tvased on existingocio
economic, landise, and network data. The limitations of the existing datalveses discussed with
the CMAP stafand documented in the subsequiesectionon model validation and recommended
further model improvements New types of data and associated data collection efforesenalso
recommended to CMAP for futugghases of model development

1 Full CIRAMP framework The CMAP pricing ABiNcorporates the full CFRAMP framework and
allows for adding new features depending on the CMAP neédgh respectto the advanced
features included in the last generation of-BAMP models (SANDAG, MAG, and JTMT) only the
features that directly relaté to pricing studies wre includedat this time
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Inclusion of all advanced features (State of the Art & Practice) for pricing sthdtesere realistic
within the project time frame. A wide range of possible pricing studies and corresponding model
features has been analyzed in detail and tested within the framework of recents¢aale research
projects NCHRP &8, SHRP 2 C04, and SHRP 2 L04. The advanced microsimukRiaNFCT
framework is specifically beneficial for incorporation of these featui®smeof these features are
analyzed in the corresponding sectsdrelow.

Highway calibration focusThe pricing ABM as calibrated at the necessary level of detail for
highway priaig studies including matchinghode andtime-of-day specificstatistics from the
expanded CMAFousehold travel survey. The transit side of the model ag calibrated to
reasonably replicate main daily regional statistidsurther improvements on the trartsgide are
reserved for future model improvement efforts.

Fully redeveloped totlevel models for the region The most important toutevel models (tour
destination choice, tim@f-day choice, and mode choice)ere estimated based on the recent
CMAPhoussholdtravelsurvey. Special attention aspaid to differentiation ofvalue-of-time (VOT)
by person type, travel purpose, tour complexiand other dimensions in line with the findings of
the NCHRP 0B7 and SHRP 2 C04 projects. Most of the other mosets borrowed from the ARC
CTFRAMP ABMand the alternativespecificconstants vere re-calibratedto match the aggregate
targets developedbased orthe CMAP buseholdtravel sirvey.

Compatibility with any level of spatial resolutiofihe pricing ABMat the current stage idased on
the existing TAZ system,944TAZs). However, he CFRAMPstructure can take advantage of an
enhanced spatial resolution. For example, the SANDARARP ABM operates witl2H00 Master
Geography Reference Units (MGRAShis approach offers clear advantages over the simpler
parceHevel approach, as it utilizes discrete stwpstop transit path calculations as well as accurate
non-motorized accessibilitiesThe CMAPABM couldutilize the MGRAapproach, assuming transit
stop locations can be identified in the transit network, or the simglarcel levelapproach, with no
major restructuring of the code.CMAP has already developed a similar zonal syste8y819
smaller zones nested within the TAZ) that can be utilizedtiré model improvement.

Futuretransitenhancemerd. The proposedCFRAMP structure can fully address a variety of transit
studies including FTA New Stadsalysis In order to address transit planning studies,more
detailedmodelcalibrationwill be required, typically utilizing a transibdboard survey in addition to
the CMAPhouseholdtravel survey. Alsomodel features maye added such asstation choice for
drive-transit, accounting forstation parkingcapacity constraints and/or improvedansit assignment
capacityrestraint with crowding (as applied recently by PB in the Sydney modlhls direction for
further improvements is addressed imnmore detail in the conclusiosection.

Future integration wh DTA The pricing ABN& designed and developed for future integration with
a regional DTA mode For thisreason, weutilized a temporal resolutionof 30 mirutes. A
demonstration of ABMDTA integrationcan be considereds an important strategic avee for
model improvement at CMAP
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9 Future integration with models for trucks and commercial vehiclesthe current version of the
pricing ABM, placeholders efe created for all freight traffic components in the muttlass
assignmentwhere the currenttruck trip tables from thefour-step model were utilized ah split
between toll and nortoll users If a more advanced freight model has been developed it can be
integrated with thepricingABM.

f Future integration witha land use model (LUM) PBhas vast experience in théevelopmentof
ABMs that are fully or grtially integrated with a landise model. Examples of fully integrated
models (where the demand modelsilize labor flows from the landse models) include the Oregon
and Ohio statewidenodels. Examples of partialiytegrated models (where the demand models
utilize zonal data produced by the langse model) inelde the SANDAG and MAG ABMSuch
enhancements provide increased sensitivity to economic conditiand landuse variables and
should be considered for loAgrm inclusion inthe CMAP ABM.

Population Synthesis Controlled Variables

The population synthesis procedure embedded in the basiRANIP structure can incorporate any
number of householdevel and perso#ievel controls. However, in practice, there is always a certain
optimal degree of controlling the population structure, especially for future years. With a large number
of controls it is difficult to guaranteeonsistency between them as well as ensiirat the main
demographic tendencies are properly portrayed and not suppressed. The only way to ensure a full
consistency across a large number of controls is to generate them by a detailagskaind demographic
model that is not yet in place at CMAP.

The main controls that can be used in the population synthesis procedure are summarized in
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Tablel1l. The controls chosen for tlairrentversion ofthe CMAP GRAMPABM are shown in bold.

All controlled variables have been provided by CMAP at the TAZ arzbsiellevel. These controls have
been also used to expand the CMRAduseholdtravelsurvey. The survey expansion was necessary to
calculate aggegate travel statistics used as the model validation targets (as discussed in the subsequent
sections in detail)
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Tablel11: Controls forPopulation Synthesis Procedure

Variable

Householdlevel

Personlevel

Household size

Household distribution by size
category (1,2,3,4,5+)

Average household size by
providing total population

Number of workers

Household distribution by
number of workers (0,1,2,3+)

Average number of workers per
household by providing total
labor force byplace of residence

Household income

Householdncomedistribution
(by absolute thresholds or
percentileg. The following
categories weraised(consistent
with the travel survey): $030K,
$30-60K, $66100K, $100K+

Housing type

Household distribution by such
categories as singt@amily
detached house and apartment
in multi-family house

Person age

Household distribution by age
of the household heada proxy
for age of other household
members) currently the
following categoriesvere
adopted: U35, 3%4, 65+

Population brackets of which th
most important for ABM are-8,
6-18, 1935, 3664, 64+)

Person type used in advanced
ABMs (it is partially correlated
with age; any of controls for
some of these variables would
be useful)

1=Full time worker

2=Part time worker
3=University student

4=Adult nonworker under 65
S=retiree

6=driving age school child
7=predriving age school child
8=preschool child

Worker distribution by
occupation (may improve ABM
significarly but only available
from a land use modgl

Labor force distribution by
occupationcategories provided
by the landuse model

Group Quarters / special
populations

Student living in dorms at
universities,

Military institutions,

Other
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The adopted controlled varidds were used foexpansiorof the CMAPhouseholdtravel survey with

the adopted level of geographyThe level of geographic aggregation included 16 districts defined as 5
concentric rings (CBD, dense urban, inner suburban, outer suburban, rural, exgerdd radial sectors
(North, West, and South) as was suggested by CMAP.

Tour/Trip Mode Choice Structure

Set of Mode / Occupancy / Route Type Alternatives

The following nested structune@asestimatedwhichincludes 21 modeat both tour and trip-level

1 Auto:
o SOV:
A Toll route with possible use of managed lanes
A Nontoll route, generalpurpose facilities and lanes

A Toll route with possible use of managed lanes
A Nontoll route, with possible use of managed lanes (HOV2)
A Nonttoll route, generalpurpose facities and lanes

A Toll route with possible use of managed lanes
A Nontoll route, with possible use of managed lanes (HOV2, HOV3)
A Nontoll route, generalpurpose facilities and lanes
I Transit:
0 Bus(express and locaCTA and Page
A Walk/bike access/egress
A Park& Rde access/egress
A Kiss& Rde access/egress
0 Metro (CTArail with all busservices)
A Walk/bike access/egress
A Park & Ride access/egress
A Kiss & Ride access/egress
o Commuter raifMetra with CTArail and all busservices)
A Walk/bike access/egress
A Park &Ride access/egress
A Kiss & Ride access/egress
1 Nonmotorized:

o Walk

o Bike
1 School bus (for school trip only):
1 Taxi
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The corresponding nesting tree is presentedrigure4. The actual configuration of nests might change
as the result of statistical analysis and model estimation but the shown structure mdketypical in
applied models.

Figure4: Nested Structure for Mode Choice

One of important features of this structure that was added specifically to address different pricing
projects and policies is the lowdgvelauto sub-nests that correspond to three route typeJhis &-or-
nothing route choice framework embedded in a&tdrministic traffic assignment has an inherent
drawback in portraying the proportion between thoséavchose a toltoute and those whalo not. In

this regard adding an explicit choice of route type (toll vs.-tadl) as the lower level in the mode clei
structure helps compensate for this deficiency. Recently, a similar problem has been recognized with
respect to all types ofnanagedlanes (not necessarily tolled). Hence route type choice has been

extended to incorporate distinctive route types exjtly. The suggested three route types are
explained inTablel12.

Table12: Auto Route Types

managed lanes

excluded, 3 miles
of managed lanes
required

Toll with possible Non-zero toll All links All links available | All links available
use of managed required available for | for HOV2 for HOV3

lanes SOV

Nontoll using Tolled links Not eligible All nontoll links All nontoll links

available for HOVZ

available for HOV3
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Route Type Path building SOV HOV2 HOV3+

Non+toll using Tolled links and | General Generalpurpose Generalpurpose
generatpurpose managed lanes | purpose links | links links
lanes only excluded

Observed Modal Split in CMAFS D07 Travel Tracker Survey

TheTravel Trackerduseholdtravel survey implemented in the Chicagegion in 2007 provides a rich
dataset of all daily trips and activities for 14,000 householdsweighted number of observed tours by
purpose and mode is presented Tiable 13 for the entireregion and inTable 14 for travel to and from
the CBD.

Tablel3: Modal Split for the Entire Chicago Region Qdmrighted Number of Tours)

Mode Mode Label 1-Work 2-University |3-School |4-Escorting |5-Shopping |6-Maintenance |7-Eating Out[8-Visiting [9-Discretionary |Total
0|Unknown/Missir| 18 3 1] 0 20| 42| 2 1 23 110
1/SoVv 11007 281 275 2736 3821 3091 821 1079 2841 25,944
2|SOV - toll 785 8 1] 17 18 57 11 24 36 957
3[HOV2 569 37 806 76 1136 905| 464 420 102§ 5,441
4|HOV2 - toll 29 1 0 2 6 9 5 5 10 67
5[HOV3 96| 4 713 637 241 234 137 133 474 2,669
6|HOV3-toll 2 0 0 7 7 7 4 5 3 35
7|HOV4+ 62 4 523 531 160 122 111 116| 373 2,002
8|HOV4+ - toll 1] 0 0 4 1 1] 2 4 4 17|
9[Bus/walk 338 28 104 10 103 150 15 41 65 854

22|Bus/bike 1] 0 0 0 0 1] 0 0 0 2
10|Bus/PNR 18 1 1] 0 2 3 0 1 2 28
11|Bus/KNR 23 2 13| 0 3 5 2 2 4 54
12|Metro/walk 480] 25| 29 4 24 50 7 9 33 661
23|Metro/bike 2 0 0 0 0 0 0 0 0 2
13|Metro/PNR 114 2 2 0 1 14] 1] 2 3 139
14]Metro/KNR 60 3 6 0 3 7 1] 3 5 88
15|Rail/walk 283 5 10] 0 5 13| 4 1 8 329
24|Rail/Bike 4 0 0 0 0 0 0 0 0 4
16|Rail/PNR 124 4 5 0 2 8 2 3 2 150
17|Rail/KNR 491 13 6 2 3 11] 4 1 14 545
18|Walk 299 24 533 282 421 359 142 228 492 2,78(
19|Bike 150 5 48 8 43 35 12 25 87| 413
20| Taxi 95 3 6 0 9 31 5 7 26| 182
21|School Bus 8 10 1592 1] 1 6 0 1 15 1,634

Total 15,053 463 4,674 4,317 6,030 5,161 1,752 2,111 5544 45,109

It is of course clear that many cells in the purposede matrix have a very small number of tours and a
full segmentation of the mode choice model is infeasibA¢.least 30 observations are needed to justify
segmentation and estimation of a purpessdespecific constant. However, with a partial
segmentation across travel purposes, a reasonable choice model proved to be possible.

While transit shardor the entire region is not high (around 4%) it is very sigaificvhen the tours to
and from the CBRre singled out (over 30%). The nabdhare numbersn this section argreliminary
since they are calculated without weights and the survey sarigpleot perectly proportional to the
actual population The calibration targets calculatbased on theexpansion factors are used below in
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the section on model validation where the mode choice statistics are discussed in detail and compared
to the model output

Table14: Modal Split for the Tours to and from the CBD (Wighted Number of Tours)

Mode Label 1-Work |2-University |3-School |4-Escorting [5-Shopping [6-Maintenance Z)_Liatmg 8-Visiting  |9-Discretionary |Total
0|Unknown/Missing 3 0 0 0 0 4 0 0 1] 8
1|Sov 470 7 1 44 27| 48 10) 9 28, 644
2[SOV - toll 42 1 0 0 0 1 1 0 0 45
3[HOV2 59 3 5 2 9 31 4 2) 20] 135
4{HOV2 - toll 0 0 0 0 0 1 0 0 0 1
5[HOV3 12 0 6 11 2) 6 0 0 7] 44
6[HOV3-toll 0 0 0 0 1 0 0 0 0 1
7|HOV4+ 6) 0 4 1 0 6 1 1] 4 23
8|HOV4+ - toll 0 0 0 0 0 0 1 0 0 1]
9|Bus/walk 149 12 0 0 16 23 5 2| 13 220

22|Bus/bike 0 0 0 0 0 0 0 0 0 0
10{Bus/PNR 14] 0 0 0 1 0 0 0 1 16|
11|Bus/KNR 8 0 0 0 0 0 0 0 0 8
12|Metro/walk 304 14 4 0 7] 22) 4 1 12 368
23|Metro/bike 1 0 0 0 0 0 0 0 0 99
13|Metro/PNR 88 1 0 0 0 7 1 0 2 1
14|Metro/KNR 36 1 0 0 0 1 1 0 2 41
15|Rail/walk 227 2 0 0 1] 7 2 0 3 242
24|Rail/Bike 3 0 0 0 0 0 0 0 0 3
16|Rail/PNR 98 3 0 0 0 5 0 0 2 108|
17|Rail/KNR 436| 8 1 0 2 7 3 0 9 466
18|Walk 57| 6 0 0 22 24| 8 2) 27| 146|
19|Bike 40 1 0 0 0 3 1 0 1 46
20| Taxi 75 3 0 0 2 7 3 1 11 102
21|School Bus 2) 0 3 0 0 2 0 0 1 8

Total 2,130 62) 24 58 90 205 45| 18 144 2,774

Negative Toll Bias

An important effect has been found and statistically confirmed in the recently completed SHRP 2 C04

t N22SO0 GLYLINRGAY3A hdz2NJ ! YRSNEGFYRAY3I 1 2¢ [/ 2y3Saia
incorporated in the route type choiceThere is a sigfif O y i y S3lF GA GBS GaGKNBAK2f R¢
toll, regardless of the toll amount. This preference against paying a toll is generally found across travel
purposes from bothrevealedpreference andstated preference data, and is supported by research in
O0SKI@A2NIYf SO2y2YA0ad ¢KS SadAYlIdSR -Forintitesda LISY | f
travel time.

After accounting for differences in price, average travel time and reliability, there appears to be a
general reluctance in the population faying any toll at all to use a highway facility capturedheytoll

bias This result is frequently obtained #tated preference (SP) studies, where i sometimes

SELX FAYSR & | aLINRGSalG NBalLRyasSé 2sNHowevérNiuchisSaA O o
bias is also found sometimesriavealedpreference (RP), as it is in models estimated for this project. In
particular, it was confirmed by the RP data from New York where toll facilities have a long history and
explanations like shotierm psychological protest or ramp cannot be applied. While the relative size

of such a bias tends to be smaller when estimated from RP data as compared to SP data, it can still be
substantial, and equivalent to as much as2Zlbminutes of travel time
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In other words, travelers would go that far out of their way to avoid paying any toll at all. This type of
behavior has also been noted in recent texts in Behavioral Economics, where people are observed to go
to seemingly irrational lengths to get sething for free as opposed to paying for it.

It is actually logical to have a significant toll bias in combination with a relatively high willingness to pay
measured by VOT that was discussed above. These two factors are screened separatebuto the
mode utility. In a simplified form where the toll bias is not includége entire utility gets readjusted

that most frequently results in a lower VOT. Thiflustrated inFigure5.

We assume that toll valeare fixed and analyze the relative utility of toll optisms. nontoll options

(both options are assumed available for the userafisnction of travé time savngs achieved witltoll
options. If there is no time savings, the relative utility of the toll option is logically negative. For a model
without a toll bias, the associated disutility is equal to the toll value in equivalent units of utility. For a
modelwith a toll bias, the associated disutility is even worse because it includes both the toll equivalent
and bias.

Figureb: Effect of Negative Toll Bias

+ Relative utility of toll
option vs. non-toll option

Model with
toll bias

Model without
toll bias

Toll value / VOT

>
P>

Toll value Time savings, min
equivalent
(fixed)

Toll bias {

The point where the difference between toll and ntoil utilities becomes zero corresponds to the
50/50 split between toll and notoll users. For the model without a toll bias, this point corresponds to

Toll bias equivalent in min
+ Toll value / VOT
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the time savings equal tthe toll value divided ¥ VOT.For the model with toll bias, this point is shifted

and corresponds to the toll value divided by VOT plus toll bias equivalent in minutes. By virtue of the
model estimation on the same data set, the model with a toll bias would have a greater (ogd
higher VOT).

As seen abovehe pricing policyresponse of a model with a bias and higher VOT can be very different
from the response of a simplified model without the bias and adjusted (lower) VOT. A model with bias
tends to produce a very caservativetraffic & revenue forecast until substantial time savings are
guaranteed for toll users. However, when the savings grow, the number of toll usergomillag a
higher rate. By contrast, simplified modewill overpredict the number of toll gers if the travel time
saving are insignificant while undgarediding number of toll users when the travel time savings grow
significantly. In a certain sense, the model suggested in the current research would be more
GRSYI yRAY 3¢ FNRM &l KiI2 LINd&l OBV RNBIR S £ dzS T2 NJ

The resistance to paying a toll appears to present an obstacle to the effective widespread introduction
of congestion pricing policies. In many cases, however, a pricing policy can be effective even if only a
limited proportion of drivers choose to pay the toll, and, just like VOT, the resistance to paying any toll
at all may vary a great deal across the population. In that sense, toll bias becomes another dimension of
market discrimination, similar to VOT. Wha important is that resistance can be overcome by a
guaranteed superior level of service in terms of travel time savings and reliability improvements. In this
sense, tolling existing facilities in order to collect revenue but without a substantialdégervice
improvement wouldalwaysbe perceived very negatively hyghway users.

Furthermore, one can expect that the resistance to paying a toll will fade over time as road pricing
becomes more ubiquitous and more convenient. In the past, drikatsto wait in lines to pay tolls,
which in itself could explain a good deal of resistance to tolls. Now, witmtineasing implementation

of electronic tolling paying tol$ is both faster and less noticeable in terms of the amount of money
actually béng spent. There are already fulytomatic operroad toll collection technologies in place
that completely eliminate delays. The more widespread ttds kind of electronic road pricing
becomes, the more we can expect atdil bias to be reduced, dibugh it may never disappear
completely.

In practice, there are different opinions and methods regarding the use oft@hthreshold terms in
forecasting. Sometimes they are avoided in forecasting on the basis that they are not rational in
economic tems. Empirically, however, they do appear to be real, so they should be included to obtain
the most accurate results, at least for shoetm forecasts. In general, this bias would result in a more
conservativeraffic & revenue forecast if travel time gangs are not significanbut it also may result in

a more optimistic forecast for pricing projects that improve travel time significantly. For longer term
forecasts, it may be appropriate to explore scenarios with reduced or eliminatedodinias/threshold
terms. This advanced model component was incorporated in the CMAP mode choice model.
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Highway Network Coding Guide and EMME Network Scripts

Vehicle Classes

PBprepareda highway network guide and EMME scriftisitly with CMAP The multiclass aggnment
includesthe following classefl1+6=17):

1 Internal auto trip tablegyenerated by GRAMP:

0 SO\ toll/ Managed Lane
A Low VOTaverage across travel purposes and income groups)
A High VOTaverage across travel purposes and income groups)

0 SO\ non-toll GeneralPurpose

o HOVZ toll (and possibly Managed Lane)
A Low VOTaverage across travel purposes and income groups)
A High VOTaverage across travel purposes and income groups)

o HOVZ nontoll Managed Lange

0 HOVZ nontoll GeneralPurpose

0 HOVZX toll (and possibly Managed Lane)
A Low VOT (average across travel purposes and income groups)
A High VOT (average across travel purposes and income groups)

0 HOVZX nontoll Managed Lane

0 HOVZX nontoll GeneralPurpose

9 Additional non-travel vehicle classes ifary toll/non-toll choice implemented at the pre
assignment stage as part of the network processing in EMME):

o Commercials,

0 Light trucks,

0 Heavy trucks,

o0 Externalautotraffic (segmentedby occupancyandVOT andidded to the auto classgs

Highway asignmaet is implemented for8 time-of-day periodsas itis currently implemented in the
existing CMARour-step model The fine temporal structure of highway assignments is beneficial for
pricing studies and specifically for congestion pricing schemes wherk ggaading effects are
essential. The period specific assignments are distributed across the computers in the cluster for an
efficient implementation.

The followingmainskimsare generated for each vehicle class and TOD period:

Total travel time

Freeflow travel time(used to calculate delay and reliability proxy)
Toll(used to define availability of toll choice)

Total distanc€usedto calculate vehicle operating cost)

Distance on rmanagedane(used to define availability ahanagelane choice)

=A =4 =4 4 =4
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EMME MacroScript for Assignment/ Skimming/ Binary Choice

The developed tool that combines all necessary highway network procednoapsulated in the EMME
macro script (CT_RAMP_SKIM.ma@resented irFigure6. Binary (trinary) choicefor auto modesare
applied onlyat the very first global iteration to create initial sets of skims for toll and-tatirusers.

Figure6: Implemented Highway Network Procedure

For base and target year 0. Initialize matrices mf01-mf17
pre-skimming ‘

Travel (auto) modes mfol-mfll |

\ Non-travel modes mf12-mf17 |

:

1. Base multi-class assignment to

For the first iteration get travel times
o Add external auto trips | )

Implement assignment \

2. Skimming

| Prepare scenario for skimming |

| Skimming for each segment 1-17 |

Bypass auto modes if the

core model is used 3. Utility calculation

Travel (auto) modes mf201-mf211 \
Non-travel modes mf212-mf217 |

A4

4. Route type choice model
% Travel (auto) modes mf21-mf31 \

Bypass auto modes if the
core model is used

Non-travel modes mf32-mf37 |

Specified no of internal iterations at each global iteration

Bypass auto modes if the 5. Update demand matrices
core model is used

| Travel (auto) modes mf01-mfll |
MSA factor 4‘ \ Non-travel modes mf12-mf17 |

6. Report totals

For the last global !
iteration only 7. Final assignment with saved
class-specific volumes
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The highway skimming and assignment procedures as well as route type choice-fmradraffic
components (trucks, commercials, externals, and airport ground access) are done with EMME. The
settings are specifieth the macros as described below. Note that the runSkimming.bat and
runSkimminglnitial.bat call these macros with the appropriate command line arguments that are specific
to each global iteration:

1) TOD_tables.mag creates timeof-day period specific mecesfor highway assignment,
including the initial version of the auto trip matrices that willfilked by CTRAMP (to generate
starting sets of skims for each period). This macro is run once for eaclotiday period
before the first global iteratin. The command line argument are:

a. Time period code, such a&¢ for p1

2) extraclass.mag createsextra attributes for CT_RAMP_skinacro. This macro is only run once
for each timeof-day period before the first global iteration when running the initiahsking.
It has no command line arguments.

3) CT_RAMP_skim.magaoll road choice (fonon-CFRAMP user classes) and skimming macro.
Implements binary choice between toll and ntoil users and all necessary highway skimming
procedures. Can be applied indemlently to generate starting skims and/or explore pricing
scenarios. When applied to support-BAMP, auto trip tables mf1e6hf106 are generated by
CTFRAMP, Truck trip tables mf1@if110, external autos mfl11ifl16 and passenger autos to
airports mf122mf126 are split by this macro (between toll and rtfi users). This macro is
run 4 times (internal iterations) for each global iteration (to equilibrate-aore traffic
components). The command line arguments are:

a. 0 =initialize split matrices mf1ahf174 (only for first global iteration), 1 = start with the
previous set
MSA factor for averaging matrices (0.0 = no update, 1.0 = full update)
0 = skip final assignment, 1 = implement final assignment (for last global iteration)
base network scenario foisasignment (pa8)
number of assignment iterations (normally set to 10, 20, 30, 40 by internal iterations)
0 = include auto split (for initial skims), 1 = exclude (when applied WRADTP)
4) Toll_scenario.mag creates a new toll (pricing) scenario from abacenario. This was used to
createthe toll scenario test case§'’he command line arguments are:

a. Baseline scenario, such as 3

b. Pricing scenario, such as 1

c. Toll multiplier, such as 5

~®a00C
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Highway Network Coding
The following are the rules for highway netwaiding that PB specified for CMAP

1 Managedanesshould becoded separately frorgeneralpurposelanes with a realistic coding of
acces points between them and ramps.

f Tollsshould becoded as link extra attributeF 2 NJ S| OK @SKAOf S G2LS o0%X¢{ h+
Special EMME scripts automatically calculate tolls (mildeged, dynamic, vehickype-based
discounts, etg; toll equivalents in minuteare added to VDF based on VOT.

1 Classspecific eligibility rules fananagedanes,freeways, TOT Lanes, ette specified through
link auto mode codes £50Yb=HOV2=HOV3, d=HOV4+, e=Commercial, d=Light truck,
f=Heavy truck To simplify coding it can be done in a cumulative network way:

o SOV9

o HOV2%H

o HOV3&H

o HOV48H

o Commerciabnd bplate trucks(b)
o Light truck )

0 Medium truck (m)

0 Heavy trucklf)

9 Toll plazas and boothean becoded explicitly or implicitly to account for additional average
delays;an appropriate mix ofoll collection methodis assumed; vehicles are not segmented by
payment type (cash, card transpondeytématic Vehicleldentification).
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Trip Tables Generated by# - | 0 8 O-St&Madel

The existindgour-step model process goes through the following main steps:

© N Db

<Trip generdon model>
Free.skim.mac
Init_HOVsim.databk.mac
<Predistribution procedures>
Four_purpose_IOM.mac
<Mode choice model>
Iter.master6¢c.mac
Daily.Total. Asmt5I_6¢c.mac

Trip tables generated by the existing model are presentdednre?.

Daily person
trips PA

Daily transit
person trips
PA

Daily auto
person trips
PA

Daily auto
person HBW
trips PA by
car
occupancy

Daily auto
person
HBW trips
PA

Assignable
period-specific
vehicle trip
tables

Mode choice

Ttables.mac

Figure7: Existing FouStep Model Process and Generated Trip Tables

Four_purpose_IOM.mac

A

A

mf36"hwptL40 mf37"hwptH40 mf38"hoptr4o | | mf39"nhptr4d
HBW-L HBW-H HBO NHB

t

I

t

I

mf40"hwtrL40

mf41"hwtrH40

mf42"hotr4o

mf43"nhtr4o

Transit HBW-L Transit HBW-H Transit HBO Transit NHB
[ I
mf48"hwaul 40 mf49"hwauH40 mf02"hoau4o mf03"nhau4o
Auto HBW-L Auto HBW-H Auto HBO Auto NHB

mf50"SOV1L40
Auto HBW
SOV-L

mf53"SOV1H4
0Auto HBW
SOV-H

mf56"SOV140
Auto HBW
SoVv

mf51"HOV2L40
Auto HBW
HOV2-L

+

mf54"HOV2H4
0Auto HBW
HOV2-H

mf57"HOV240
Auto HBW
HOV2

mf52"HOV3L49
Auto HBW
HOV3-L

mf55"HOV3H4
0Auto HBW
HOV3-H

mf58"HOV340
Auto HBW
HOV3

v

mf01"hwau4o
Auto HBW

mf10"poeaird
Auto airport

passengers

mf08"poeautro
Ext. autos

TOD factors

mf13"modeSo
Auto SOV

occupancy
factors

OD &
occupancy
factors

mf18"modeHo
Auto HOV
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_| mf59"parkrdo

P&R
mf09"poetrko
Daily freight vehicle trips PA Ext. trucks
mf04"bcviro mf05"lcviro mf06"mcvtro mf07"hcviro
B-trucks L-trucks M-trucks H-trucks
o
= TOD TOD
g'"; TOD factors TOD factors factors, factors,
= PCE=3
&
mf14"bpltd mf15"Itrko mf16"mtrko mf17"htrko
B-trucks L-trucks M-trucks H-trucks




Input highway trip tables to support theasigned CRAMP structure are listed able15. Auto tables
were needed only to generate starting skims for the first global iteration of thif EMP procedure.
These tablesvere ovemvritten by the core demand modduringsubsequent global iterations. Truck
tableswere used as inputbut not changed by GRAMR although, in the processthey were split
between toll and nortoll users before the assignmena full set of highway tablesasconstructed fa
each TOD period-&.

Tablel5: Input TODPeriod-SpecificHighway Trip Tables to Supporthié CTRAMPSructure

Trip table Network Source Ovemvritt en by CIRAMP
code after 1° global iteration

SOV1, low VOT S afTpné{htm[ né o/ al Yes

(mf101) aTnuHéK2I dZiGdD* 6/ a'!
(L-income/1-occupancy factory
aTnoé¢yKIl dZigD* o6/ a'!
(L-income/1-occupancyactor) +
taw OFTNRY YTnnéKkK

SOV1, high VOT S Mf53¢ { hHe o6/ a! t 0 1 Yes

(mf102) aTnHéK2| dZFGD* 6/ a'!
(H-income/l-occupancy factor) +
aTnoée¢yKIlI dZiGD*o6/ a'!
(H-income/1-occupancyfactor) +
P&R (from mfa¢ K ¢Hi 8D

HOV2, low VOT H aTpmel htu[ né o/ a Yes

(mf103) atTnHéK2Fdmé o/ a!
(L-income/2-occupancy factor) +
atTnoéyKlIdmé¢ o/ a
(Llincome/2-occupancy factor)

HOV2, high VOT H afTpnél htHul né o/ a Yes

(mf104) aTnHéeéK2l dzné¢ o/ a!
(H-income/2-occupancy factor) +
atTnoeéyKlIdzmé¢ o/ a!
(H-income/2-occupancy factor)

HOV3+, low VOT H afTpHél hxo[ né o6/ al Yes

(mf105) atTnHéK2Fdmé o/ a!
(L-income/3-occupancy factor) +
atTnoéeéyKlIdzmé o/ a!
(L-income/3-occupancy factor)

HOV3+, high VOT H aTppél htol né o/ a Yes

(mf106) aTnHéeéK2l dzné¢ o/ a!
(H-income/3-occupancy factor) +
atTnoédyKlIdmé¢ o/ al
(H-income/3-occupancy factor)

B-plate trucks T(b) aTmnéol) ¢ o6/ a! t|No

(commercials)

Light trucks T(I) aFmpeéf Nl &€ 6/ a! t|No

Medium trucks T(m) aTmMcé YUN] € o6/ a! t|No

Heavy trucks T(h) aFmMTEKON]L ¢ 6/ a! t|No
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Multi -Class Highway Assignment with Fixed Cost Component
Thedevelopedstructure ofthe traffic assignment with classpecific tolls is presented ifablel6. The

currently adopted structure is simpler with a single toll value across all vehicle types.

Tablel6: Structure of MultiClass Assignment

Class Mode | Fixed cost Trip table
Toll Managed lane (demand in
Value $ | Weight($ | Value Weight | auto
(100 for | equivalent (100 for | equivalents)
non- in min) non-
eligible) choosers)
1=SOV/toll/managed al ¢| @TOLLa] 60/VOTalh @MLal=1 O SOVtmh
langhigh VOT
2=SO0OV/toll/managed lane/low & I € | @TOLLa] 60/VOTall | @MLal1=1 0 SOoViml
VOT
3= SOV/not+toll/generak al ¢| @TOLLa] 100 @MLal=1| 100 SOVng
purpose lane
4= HOV2/toll/managed (0513 @TOLLag 60/VOTaz2h| @MLa2=1| O HOV2tmh/2
lane/high VOT
5=HOV2/toll/managed (0513 @TOLLag 60/VOTa2l | @MLa2=1| O HOV2tml/2
lane/low VOT
6= HOV2/nortoll/managed (0513 @TOLLaZ 100 @MLa2=1 0 HOV2nm/2
lane
7= HOV2/nortoll/general (0513 @TOLLaZ 100 @MLa2=1| 100 HOV2ng/2
purpose lane
8= HOV3+/toll/managed al ¢| @TOLLa3 60/VOTa3h @MLa3=1 O HOV3tmh/3.3
lane/high VOT
9=HOV3+/toll/managed al ¢| @TOLLa3 60/VOTa3l| @MLa3=1 0 HOV3tml/3.3
lane/low VOT
10= HOV3+/noitoll/managed | & | € | @TOLLa3 100 @MLa3=1 0 HOV3nm/3.3
lane
11= HOV3+/notoll/general al ¢| @TOLLa3 100 @MLa3=1| 100 HOV3ng/3.3
purpose lane
12=Commercials/toll/manageq & I ¢ | @TOLLc | 60/VOTc | @MLc=1 | 0 COMMt
lane
13=Commercials/non al ¢| @TOLLc | 100 @MLc=1 | 100 COMMN
toll/ general purpose
14=Light trucks/toll/managed | & E ¢ | @TOLLIt | 60/VOTIt @MLt=1 | O LTRUCt*2.0
lane
15=Light trucks/non 4 E¢| @TOLLIt| 100 @MLt=1 | 100 LTRUCN*2.0
toll/general purpose
16=Heavy trucks/toll/manage( & & ¢ | @TOLLht 60/VOTht | @MHt=1 | 0 HTRUCt*3.0
lane
17=Heavy trucks/non G é €| @TOLLht| 100 @MHt=1 | 100 HTRUCN*3.0
toll/general purpose
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Transit Skims in CMAFRS ABM
Transit skims are located in the EMME databaadshown inTablel7. There are currently only two
TOD sets of skimspeak and offpeak. These twaosetsare used for modeling mode, TOD, and
destination choice with highway skims generated by 8 TOD periods. The correspondencenbetwe

highway and transit skims $hown inTable18. Thecurrent level of detail on the highway side (8 time

of-day periods) is not matched by the level of detail on the transit side (only 2dfrday periods).

Improvementto the transit side of the model represeswne of the major directions for future
improvementas discussed below in the conclusion section.

Tablel7: Location of Transit Skims in EMME Databank

Variable Matrix # by transit mode & submode

Bus Metro Rail

Walk Drive Walk Drive Walk Drive
In-vehicle time 351 (bus) 361 (bug 371(metro) | 381(metro) | 391(rail) 401 (rail)
In-vehicle time (bus) 352 (zero) | 362 (zero) | 372 (bus) 382 (bus) 392 (bus) 402 (bus)
In-vehicle time (metro) 353 (zero) | 363 (zero) | 373 (zero) | 383(zero) 393 (metro) | 403 (metro)
Wait time 354 364 374 384 394 404
Walk time 355 365 375 385 395 405
Number of transfers (boardings] 356 366 376 386 396 406
Fare, cents 357 367 377 387 397 407
Auto access time 358 (zero) | 368 378 (zero) | 388 398 (zero) | 408
Parking cost, garalizedin min | 359 (zero) | 369 379 )zero) | 389 399 (zero) | 409
Station used 360 (zero) | 370 380 (zero) | 390 400 (zero) | 410

Tablel18: Correspondence between Highway and TsitnSkims by Timef-Day Period

TODPeriod Highway skims Transit skims

1 8pm-6am Off-peak

2 6am-7am Peak

3 7am9am Peak

4 9am10am Peak

5 10am2pm Off-peak

6 2pmdpm Off-peak

7 4pm-6pm Peak transposed
8 6pm-8pm Peak transposed

Impacts of Pricing on Travel Choices
In the CTIRAMP model systenthe introduction of tolls propagates through the sequence of inter
related choice and affects practically all travel dimensions as shovwigimre 8. Firstorder effects
include direct impacts of pricing on route choice, mode/occupancy choicedfrday choice and
destination choice through generalized cost functions included in theteroand mode utility

expressions.

However, in the GRAMP model system there is also a wide range of accesdlitzbgd effects on the
upper-level choices bcar ownership, daily activity pattesn& tour generation, as well as lotgm
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choices of workplace and schoollhis partof the model systenmis explained in more details in the
subsequent section.

Figure8: Propagation of Impactof Pricing on Different Travel Choices

1% order short-term 2% order long-term
Toll — Route choice in assignment
\2

Highway time & cost skims —l
v

Mode occupancy & route Accessibility
type choice measures

1) J
Mode choice logsums <—— Car ownership

| J
Time-of-day choice < DAP & tour/trip

generation
Destination choice 3 v
. Workplace choice

Accessibility Measures in the CT-RAMP Model System

Types of Accessibility Measures

There are multiple accessibility measures used in @ RAMP model systemMost of the applied
accessibility measures represent simplified destination choice logsums, which is the composite utility of
travel across all modes to all potential destinations from an origin zone to all destination zones in
different time-of-day periods. These accessibility measures are zonal characteristics that can be stored
as a vector indexed by TAZ. Another type of accesgilribasure describes the amount of impedance
between zones. Accessibilitiestbis type are stored as TAZ-TAZ matrices.

These accessibility measures are primarily needed to ensure that the dgymdrmodels in the ABM
hierarchy such @ car ownership, daily activity patternand (nommandatory) tour frequency are
sensitive to improvements of transportation levaftservice across all modes, as well as changes in land
use. Accessibility measures are similar in nature to density measuredakmitinto account the
accessibility between zones as well as the opportunities to engage in various types of activities in those
zones.Accessibility measures are needed since it is infeasible to link all choices by full logsums due to
the number of potenial alternatives across all dimensions (activities, modes, time periods, to
patterns, and daily activity pattes). Accessibility measures reflect the opportunities to implement a
travel tour for a certain purpose from a certain origin (residential @rkplace). They are used as
explanatory variables in the upp level models (daily activity pattetgpe and tour frequency) and the
corresponding coefficients are estimated along with the coefficients for person and household variables.

Theapplied zonal accessibility measures hake following general form:

—In4 S 2 explTMLS )3
A=lnga S;° exp S/
ej= u

Equationl

46



where;:
i, jl1

origin and destination zones,

A = accessibility measure calculated for each origing
S, = attraction size variable for each potential destinatimme
TMLS = time-of-day and mode choice logsum as the measure of impedance.

The composite travel ipedance between zoneshg origindestination (OD) accessibility measure) is
calculated as a twdevel logsum taken over timef-day periods and modes:

e.: 1%}

TMLS = mingg exp(MLS, +a,)§ Equation?
=1 u

where:

t=12 = time-of-day periods (currently peak and giéak are used),

MLS, = mode choice logsum for a particular tiroé-day period,

a, = time-of-day-specific constant,

m = nesting coefficient for modehoice under timeof-day choice.

In this form, the destination choice accessibility measure is essentially a sum of all attractions in the
region discounted by the travel impedance. Note that this measure is sensitive to travel improvements
in both peakand offpeak periods. The relative impact of each period is regulated by thedfrday-
specific constant that is estimated for each travel segment (or activity type).

Accessibility measures are linearly included in a utility function of an dppetmodel. To preserve
consistency with randoratility choice theory, the coefficient for any accessibility measure should be
between 0 and 1; though it is not as restrictive as in a case of a proper nested logit model.

The general logic of inclusion of assibility measures in travel models is as follows. nk@dels that
generate activity patters, tours, and trips where specific destinations are not known yet, zonal
accessibility measures are applight describe the accessibiliof all potential actiity locations from

the household or tour origin. For models where the destination is known, OD accessibility measures
should be used.
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Zonal Size Variables
Zmal size variableasstimated for theCMAP CGRAMP ABM arpresented inTable19.

Table19: Zonal Size Variables as Functions of Population and Employment Types

Explanatory variables Size variables by activity type

Variable | Description p4_esco | p5_shop | p6_main | p7_eati | p8 visi | p9 disc | p10_atwo | p11 allnm
Total number of

total HH | households 1.0000 0.1421 | 0.3595 0.5016
Retail
employment

retail (n44+n45) 4.2810 1.4185 1.2908 0.4387 0.5403 7.4291

n51 Information 0.7091 0.7091
Finance &

n52 Insurance 0.1265
Real Estate

n53 Rental Leasing 2.4753 2.4753

Management of
Companies &

n55 Enterprises 1.3759
Administrative &

n56 Support 0.2357
Health Care,
Social

n62 Assistance 1.0618 0.2349 1.2968
Arts,
Entertainment,

n71 Recreation 0.3224 0.9049 1.2273
Accommodation,

n72 Food Services 1.1224 1.0458 0.4422 0.2809 2.6104
Public

n92 Administration 0.5356 0.2265 0.5356
Total

total_emp | employment 0.1578
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Composite Impedance Measures (Origin -Destination Accessibilities)

A set of various OD accessibility measures is used in HAMP model system as summarized able

20. Each impedance measure is associated with a certain aggregate travel purgdder(tvhich the

mode utilities are calculated according to the coefficients in the tafileen, depending o the type of
accessibility measure, car sufficiency is taken into account. If a general accessibility measure is
calculatedwhichis going to be applied in the model system before themanership model, the mode
utilities are averaged across all eafficiency groups with the weight that reflects the observed
proportion between different casufficiency groups in the region. If an accessibility measure is
calculated for a specific caufficiency group (that means that it is going to be applied atber car
ownership model) the mode utilities for this specific group are used.

Table20: OriginDestination Accessibility Measures

Car sufficiency Modes included
‘ Cars | Off-peak
Token | Purpose f::‘s) Iﬁ‘;"ﬁr or greater | SOV | HOV | WT |[DT |NM | constant
workers than
workers
Work 1=Work 0.05 0.35 0.6 1 1 -0.9
Univ 2=Univ 0.05 0.35 0.6 1 -0.5
Scho 3=Scho 0.05 0.35 0.6 1 -1.2
Auto 4=0Other 0.05 0.35 0.6 1 0.5
Tran 4=0Other 0.05 0.35 0.6 1 0.5
Nonm 4=Other 0.05 0.35 0.6 1 0.5
Indi_0 4=0Other 1 1 1 0.5
Indi_1 4=0ther 1 1 1 0.5
Indi_2 4=0ther 1 1 1 0.5
Join_0 4=0Qther 1 1 1 1 0.5
Join_1 4=Other 1 1 1 1 0.5
Join_2 4=0Qther 1 1 1 1 0.5
Esco_0 | 4=Other 1 1 1 -0.5
Esco_1 | 4=Other 1 1 1 -0.5
Esco_2 | 4=Other 1 1 1 -0.5
Wrkad 1=Work 0.05 0.35 0.6 1 -0.9
Unvad 2=Univ 0.05 0.35 0.6 1 -0.5
Schad 3=Scho 0.05 0.35 0.6 1 -1.2
Wrknad | 1=Work 0.05 0.35 0.6 1 1 -0.9
Unvnad | 2=Univ 0.05 0.35 0.6 1 1 -0.5
Schnad | 3=Scho 0.05 0.35 0.6 1 1 -1.2
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Not every mode is included in each logsum. The set of modes is restricted for two reasons. The first
reason is that some modes are not observed for some of the trip purposes. For ex@ripke to

Transit (DT) is relevant for work trips only. The second reason is that certain modes are made
unavailable in order to calculate a specific (madstricted) type of accessibility needed for a particular
behavioral model. For example, moedpecfic accessibilities that are used in the -©avnership model

are based on a single representative mode each. Accessibilities that describe individual activities should
logically exclude HOV. Accessibilities that describe joint activities naturally @X@@i. Accessibilities

that describe auto dependency include only modes that need an auto (SOV, HOV, and DT).
Accessibilities that describe auto ndependency include only modes that do not need an auto (WT and
NM).

Finally, to complete the logsum calation across timef-day periods, a bias constant for gfeéak
period is specified (the peak period is used as the reference alternative with zero bias). This constant is
set to replicate the observed proportion of trips in the peak period vspe#k.

Zonal Accessibility Measures

The setof zonal accessibility measures incorporatadhe CFRAMPABM is summarized imable21.

The variety of measures stems from the combination of different size variables segmented by the
underlying activity type with different impedance measures segmented by trip purpose and
person/household type. The impact of various accessibility measures will be discussed in detail in
subsequent sections in the context of model estimation resutlsch models as car ownership (mobility
attributes), work and schooling from home, and coordetdaily activitytravel pattern are very good
illustrations for zonal accessibility measures with some components that relate to OD accessibility
measures. Such models as usual workplace and school location are based on OD accessibility measures.

Table21: List of Zonal Accessibility Measures

Size variable Impedance measure . . .
Measure Model in which applied
No Token No Token
1 12 Whoml |1 Work Work from home
2 13 Whom2 |1 Work Work from home
3 14 Whom3 | 1 Work Work from home
4 15 Whom4 | 1 Work Work from home
5 16 Whom5 | 1 Work Work from home
6 17 Shom1l | 3 Scho Schooling from home
7 18 Shom2 | 3 Scho Schooling from home
8 19 Shom3 | 2 Univ Schooling from home
9 11 AlINM 4 Auto Car ownership
10 11 AlINM 5 Tran Car ownership
11 11 AlINM 6 Nonm Car ownership
12 11 AlINM 7 Indi_0 Coordinated Daily Activity-Travel Pattern
13 11 AlINM 8 Indi_1 Coordinated Daily Activity-Travel Pattern
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Measure | Size variable Impedance measure | Model in which applied

14 11 AlINM 9 Indi_2 Coordinated Daily Activity-Travel Pattern
15 11 AlINM 10 Join_0 Coordinated Daily Activity-Travel Pattern
16 11 AlINM 11 Join_1 Coordinated Daily Activity-Travel Pattern
17 11 AlINM 12 Join_2 Coordinated Daily Activity-Travel Pattern
18 5 Shop 10 Join_0 Joint tour frequency

19 5 Shop 11 Join_1 Joint tour frequency

20 5 Shop 12 Join_2 Joint tour frequency

21 6 Main 10 Join_0 Joint tour frequency

22 6 Main 11 Join_1 Joint tour frequency

23 6 Main 12 Join_2 Joint tour frequency

24 7 Eati 10 Join_0 Joint tour frequency

25 7 Eati 11 Join_1 Joint tour frequency

26 7 Eati 12 Join_2 Joint tour frequency

27 8 Visi 10 Join_0 Joint tour frequency

28 8 Visi 11 Join_1 Joint tour frequency

29 8 Visi 12 Join_2 Joint tour frequency

30 9 Disc 10 Join_0 Joint tour frequency

31 9 Disc 11 Join_1 Joint tour frequency

32 9 Disc 12 Join_2 Joint tour frequency

33 4 Esco 13 Esco 0 Allocated tour frequency

34 4 Esco 14 Esco 1 Allocated tour frequency

35 4 Esco 15 Esco_2 Allocated tour frequency

36 5 Shop 7 Indi_0 Allocated tour frequency

37 5 Shop 8 Indi_1 Allocated tour frequency

38 5 Shop 9 Indi_2 Allocated tour frequency

39 6 Main 7 Indi_0 Allocated tour frequency

40 6 Main 8 Indi_1 Allocated tour frequency

41 6 Main 9 Indi_2 Allocated tour frequency

42 7 Eati 7 Indi_0O Individual tour frequency

43 7 Eati 8 Indi_1 Individual tour frequency

44 7 Eati 9 Indi_2 Individual tour frequency

45 8 Visi 7 Indi_0 Individual tour frequency

46 8 Visi 8 Indi_1 Individual tour frequency

a7 8 Visi 9 Indi_2 Individual tour frequency

48 9 Disc 7 Indi_0 Individual tour frequency

49 9 Disc 8 Indi_1 Individual tour frequency

50 9 Disc 9 Indi_2 Individual tour frequency

51 10 Atwo 7 Indi_0 Individual sub-tour frequency

52 10 Atwo 9 Indi_2 Individual sub-tour frequency
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Incorporation of Travel Time Reliability Impact

It is suggestedor future model improvemento explore statistically and test in model application a set

of perceptional weights associated with different congestion levels (specified in terms of V/§} eetio

shown inTable22. These weights serve as a proxy for travel time variability fagdfom congestion.

¢tKS aeyikKSara KIFIa 0SSy AYLXSYSYGSR Ia LINI 2F GKS
How Highway Congestionandtk OAy 3 ! FFSOG ¢ NI 0Stf 5SYI yRé ®

Table22: Perceived Highway Time Weights by Congestion levels

Travel time conditions UK us V/C
Free Flow 1.00 1.00 004
Busy 1.05 1.03 0.4-0.6
Light Congestion 1.11 1.06 0.60.8
Heavy Congestion 1.31 1.20 0911
Stop Start 1.50 1.38 1.1-1.5
Gridlock 1.89 1.79 1.5+

The adopted structure of highway assignments and mode choice mindibls current version of CMAP
CTFRAMP allows for natural incorporation of these perceptional weights. We suggest this interesting
and promising extension of the developed model for future tests.
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CMAP CTRAMP Disaggregate Estimation

Estimation of Sub-Models and Coding of Utility Expression Calculators

Several sulodels that are the most important for highway pricing including household car ownership,
tour-level and triplevel models of destination, mode, and tiroé-day choice, have been developed and
estimaed for the Chicagoegion basean the CMAPhouseholdtravel surveyfrom 2007. In the GT

RAMP software system, each estimated model is coded in a Utility Expression Calculator (UEC) format
that is directly read by the main software model strealEC can be open in Excel and edited by the

user without changing the main codén example of the Car Ownership Choice Model UEC prepared

for the CMAP Pricing ABM (the simplest UEC that can be presented in the report) is shable 8.

In the UEC, rows correspond to the model variables and their transformations. Columns correspond to
the choice alternatives (i.e. number of cars owned by the matiblmuseholds). UEC Cells contain the
estimated utility coefficient for each variable. The filter column serves for speeding up the calculations.

It is evaluated first, and if it is equal to 0, the entire utility term is set to 0 obviating the rest of
cdculations for the given row. All néyprepared UECsere tested with the main GRAMP code.

Table23: Example of Utility Expression Calculator for Car Ownership Choice Model

Model 1 Car_ownership Decision-making-unit h Alt 5
No Token Description Filter Formula for variable Index Altl Alt2 Alt3 Alt4 Alts
O car 1 car 2 cars 3 cars 4+ cars

nest alternative indices for nest 1 1 1 1
nestCoeff nesting coefficient 0.57138 0.57138

1 oryT Transit toall N 'y Activity locations transitOffPeakRetail z

2 ory’ Walk to all Ne 'y Activity locations nonMotorizedRetail z

3 hhNonDrivers Household non-drivers (children less than 16) @numChildrenUnder16

4 hhDrivers Household drivers (age>=16 years) @drivers

5 workers Number of workers in the Household @workers

6 workersToDrivers Ratio of workers (full-time and part-time) to drivers hhDrivers >0 workers/hhDrivers

7 age65t079ToDrivers Ratio of persons age 65 to 79 to drivers hhDrivers >0 @numPersons65To79/hhDrivers

8 age80PlusToDrivers Ratio of persons age 80 or more to drivers hhDrivers > 0 @numPersons80Plus/hhDrivers

9 hhincome Household Income in Dollars @hhincome

10 lowincome Household Income $34,999 or less hhincome<35000

11 mediumincome Household Income $35,000 to $59,999 hhincome>=35000 hhincome<60000

12 highincome Household Income $100,000 or more hhincome>=100000

13 detachedHome True, if dwelling type is detached home @detachedHome

14 altCarSufficiencyDrivers Car Sufficienct calculated for each alternative wrt Drivers $alt -1 - hhDrivers

15 altCi ici Car Sufficienct for each ive wrt Workers $alt -1 - workers

16 workersAutoDependency Sum of scaled Auto/DT minus WT/Walk MC Logsum across all workers (@workAutoDependency

17 dents; Sum of scaled Auto/DT minus WT/Walk MC Logsum across all students (person type 3 and 6) l

18 Household drivers dummy -- 1 driver hhDrivers==1 1 -6.6473 0 -0.8002 -1.9635 -2.6935

19 Household drivers dummy -- 2 drivers hhDrive 1 -6.6473 -1.1763 0 -0.8656 -1.7266

20 Household drivers dummy -- 3 drivers hhDriver 1 -6.6473 -1.0223 -0.6162 0 -0.4237

21 Household drivers dummy -- 4 drivers or more hhDrivers>=4 1 -6.6473 -0.9079 -0.7626 -0.7626 0

22 Household Income: Less than $34,999 lowincome 1 2.2246 0.6716 0.0000 -0.1485 -0.2760

23 Household Income: $35,000 to $59,999 mediumincome 1 0.7523 0.3328 0.0000 -0.1485 -0.2760

24 Household Income: $100,000 or More highincome 1 -1.3466 -0.1832 0.0000 0.1843 0.2293

25 Detached Home detachedHome 1 -1.8172 -0.6144 0.0000 0.3707 0.5652

26 Ratio of Kids under 15 yrs to Driving Age HH Members - Zero Cars hhNonDrivers/hhDrivers -0.2295 0.0000 0.0000 0.0000 0.0000

27 Ratio of Kids under 15 yrs to Driving Age HH Members - More cars than drivers  altCarSufficiencyDrivers>0 hhNonDrivers/hhDrivers 0.0000 -0.1424 -0.1424 -0.1424 -0.1424

28 Ratio of Workers to Driving Age HH Members - Zero Cars workersToDrivers -0.9879 0.0000 0.0000 0.0000 0.0000

29 Ratio of Workers to Driving Age HH Members - Cars Less than drivers altCarSufficiencyDrivers<0 workersToDrivers 0.0000 -0.5841 -0.5841 -0.5841 -0.5841

30 Ratio of 65 to 79 yrs old to Driving Age HH Members - Zero Cars age65to79ToDrivers -0.9433 0.0000 0.0000 0.0000 0.0000

31 Ratio of 65 to 79 yrs old to Driving Age HH Members - Cars Less than drivers altCarSufficiencyDrivers<0 age65to79ToDrivers 0.0000 -0.2878 -0.2878 -0.2878 -0.2878

32 Ratio of 65 to 79 yrs old to Driving Age HH Members - Cars more than drivers  altCarSufficiencyDrivers>0 age65to79ToDrivers 0.0000 0.6161 0.6161 0.6161 0.6161

33 Ratio of 80+ yrs old to Driving Age HH Members - Zero Cars age8OPlusToDrivers -0.2405 0.0000 0.0000 0.0000 0.0000

34 Ratio of 80+ yrs old to Driving Age HH Members - Cars more than drivers altCarSufficiencyDrivers>0 age80PlusToDrivers 0.0000 -0.7854 -0.7854 -0.7854 -0.7854

35 Non-Motorized Accessibility - Zero Car nonMandatoryWalkAccess 0.4312 0.0000 0.0000 0.0000 0.0000

36 Non-Motorized Accessibility -Cars fewer than drivers altCarSufficiencyDrivers<0 nonMandatoryWalkAccess 0.0000 0.1057 0.1057 0.1057 0.1057

37 Non-Motorized Accessibility - Cars more than drivers altCarSufficiencyDrivers>0 nonMandatoryWalkAccess 0.0000 -0.0454 -0.0454 -0.0454 -0.0454

38 Transit Accessibility - Zero Car nonMandatoryTransitAccess 0.1330 0.0000 0.0000 0.0000 0.0000

39 Transit Accessibility -Cars fewer than drivers by 2+ IF(altCarSufficiencyDrivers<-1,1 nonMandatoryTransitAccess 0.0000 0.0730 0.0730 0.0730 0.0730

40 Transit Accessibility -Cars fewer than drivers by 1 IF(altCarSufficiencyDrivers==-1, nonMandatoryTransitAccess 0.0000 0.0481 0.0481 0.0481 0.0481

41 Transit Accessibility - Cars more than drivers altCarSufficiencyDrivers>0 nonMandatoryTransitAccess 0.0000 -0.0162 -0.0162 -0.0162 -0.0162

42 Mandatory Auto Dependence for workers in the household workersAutoDependency -1.9565 -0.3932 0.0000 0.1027 0.1027

43 Mandatory Auto Dependence for students in the household studentsAutoDependency -0.5114 0.0000 0.0000 0.0000 0.0000

44 Mandatory Auto Dependence for students in the household altCarSuffici ependency 0.0000 -0.3459 -0.3459 -0.3459 -0.3459

45 Mandatory Auto Dependence for students in the household altCarSuffici pendency 0.0000 0.0382 0.0382 0.0382 0.0382
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Comparison of Estimated Models with Other Regions

The models estimated for the Chicaggion were compared to similar models estimated elsewhere. In
general, the comparison has shown that the estimated models and corresponding behavioral effects
found in the Chicago region are in line with the previbodings on travel behavior in other regions.
However, the exact magnitude of each effect differs from region to region. Thus, it was beneficial to re
estimate these models based on the local data for Chicago rather than directly transfer them from a
different region where the GRAMP model system was implemented befoBeloware several

examples of spatial distribution effects incorporated in the usual workplace choice model. The CMAP
model components and effects are compared to three other regiomsresan advanced GRAMP

model system was implemented recently:

1 SANDAGSan Dieg@ssociation of Governments, Sarego, CA)

1 MAG (Maricopa Association of Governments, PhoeAiR,

1 PAG(Pima Association of Governments, Tucsad),

The base distance decaynction for the reference worker type (feiime, mediumincome, male) is

shown inFigure9. It can be seen that in all regions this function is Elyianonotonically decreasing.

The CMAP curve is somewhat in between the SANDAG and MAG areas (two other large metropolitan
areas that can serve as a basis for comparison to CMAP).

Figure9: BaseDistanceDecayFunction for Full-Time, Medium-Income,Male Worker
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There are multiple effects applied on top of the base distagheeay function associated with person

and household characteristics of the worker. One of important effects is a shorter commuting distance
(stronger distancealecay functionfor low-income wakers compared to the base case of a medium

income worker. Low incomes workers are more versatile in terms of occupation and job specifics. Thus,
for them it normally does not make sense to commute a long distance since they can findaajsimil
closerto their residence The corresponding curves for different regions are present&ibirel0. In

can be seen that this effect in the CMAP regiosiriglar to the other two large metropolitaareas

(SANDAG and MAG) but somewhat weakentten be explained by a generally greater commuting

area in the CMAP region.

Figurel0: BaseRelative Impact for Lowncome Worker on Distace Decay
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CMAPCT-RAMP Validation and Sensitivity Tests

Validation of the Population Synthesizer

CMAP provided all of the data items required for the Pricing ABM development (for the base year 2010).
This included population distribution by 4 household dimensions (size, number of workers, income
group, and age of household head). The population dagige consolidated with théiouseholdtravel

survey and various consistency checks have been implemented. The problem of having the household
distribution by number of workers for family households only has been resolved by restructuring the
population sanple and balancing procedures to address the household distribution by family ard non
family type. The marginal population distributions provided by CMAP have been used to create
expansion factors for the househdicvel survey and for population synthiss The population

synthesizer output shows a very good match to the targedeeFigurell.

Figurell: Validation Statisics for CMAP Population Synthesizer
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Validation of Travel Sub-Models against the Household Travel Survey

The CMAP CRAMP model after software system integration was run multiple times to compare all sub
models to aggregate stratifieidrgets developedrom the CMAFhouseholdtravelsurvey. For this

purpose, thesurvey records were weighted to match the synthetic population proportion, i.e.

household distribution by size, number of workers, income group, and age of the householdthbad

level of 16 supedistricts (defined as a product of 5 rings and 3 sectors plus the CBD area as a separate
district). The weighting procedure was implemented as an IPF balancing of the individual household
weights across more than 20 dimensiong#ach district separately. The convergence stasstiere

very good except for one district in the external riingWisconsin) that was not surveyed at all.

The level of validation and scrutiny was very high including separate comparisons by person type, travel
purpose, geographic areas, etc. The-guidels that were developed and estimated based on the
CMAPhouseholdtravelsurvey, whichinclude car ownershp choice, workplace location choice, tour
mode choice, and tour timef-day choiceperformed very well and requiredery little or no calibration.
Some other sulmmodels transferred from the ARC-BRAMP required adjustment of constants to better
match theChicago data. In general, the calibration strategy was not to-gpecify themodel by

adding too many stratified constants but rather to demonstrate performance and sensitivity of the raw
model. The calibration process could be continued in future ehadprovement efforts and practically
any match can be achieved for any particular dimension and/or geographic subarea by adding more
constants and gradually adjusting thentHowever, we recommend not to overuse this static calibration
but to reserve someesidual discrepancidsr further model improvement efforts thashouldinclude a
complete disaggregate +estimation of all submodels originally transferred from ARC.

We present below some main validation and calibration resultshiemainsub-models. The validation
results for the household cawnership model are presented Fable24. The upper section of the

table shows capbwnership staistics from the survey. The middle section shows the same statistics from
the CTRAMP run. The lower section demonstrates discrepancies between the modilessittvey.

Only differences that are greater than either the absolute threshold of 1,000&tivee threshold of 1%

are shown. The lefhand side in all sections shows absolute numbers (households) while thénaigtt

side shows household distribution in percent. It can be shown that without an extensive calibration the
car ownership model pesfmed with a reasonable level of accuracy. At the entirgion level all

household categories by number of cars{®, 3 and 4+) were replicated with a level of accuracy-of 1
2%. Anotherimportant validation dimension is associated with relative-gafficiency (for households

with at least 1 car). This dimension, although not explicitly controlled in the choice model by constants,
proved to be at a resonable level of accuracy (5%) mustbe mentioned that the developed car
ownership model was ab to capture significant geographic variation of urban conditions through the
applied set of accessibility measures and speciatiependency indices. In particular, it can be seen

that the model reasonably replicated the strong impact of density orgrage of households without
cars. This percentage is very high in the CBD (one third of the household), significant in the first ring
(one fifth of the households), and is very low (less than 5%) everywhere else. This logical general
pattern was propely captured by the model.
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Table24: Validation of Household Car Ownership Model

Survey

Residence Number of households Household Distribution

Ring  Sector (Total Ocars  lcar 2 cars 3cars  4+cars  Cars<Work Cars=Work Cars>Work|0 cars 1 car 2cars  3cars  4+cars Cars<Wor Cars=Wor Cars>Work
1 0 169,09 56,529 84,319 25,314 1,556 1,390 22,087 59,817 30,67(q 49.9Y 15.0% 0.9% 0.8% 13.1% 35.4% 18.1%
2 1| 420,882 85,096 196,52: 111,906 22,456 4,899 57,304 163,524 114,954 46.79 26.6% 5.3% 1.2 13.6% 38.9% 27.39%
2 2| 424,645 57,884 177,297 150,721 30,151 8,587 68,084 170,948 127,729 41.8Y 35.5% 7.1% 2.0% 16.0% 40.3% 30.1%
2 3| 483,714 104,00 200,271 132,539 34,527 12,372 52,691 170,861 156,153 41.49 27.4% 7.1% 2.6% 10.9% 35.3% 32.3%
3 1 164,844 6,778 52,627 79,733 19,860 5,851 9,745 76,823 71,494 81599 48.4% 12.09 5.9% 46.6% 43.4Y%
3 2| 259,695 9,011 76,274 118,054 41,544 14,812 12,364 113,378 124,943 29.49 45.5% 16.0% 4.8% 43.7% 48.1%
3 3 129,755 4,013 38,781 62,934 16,513 7,513 7,027 52,392 66,324 29.9Y 48.5% 12.7% 5.4% 40.4% 51.1%
4 1| 347,967 9,456 77,233 166,894 67,211 27,17Q 8,857 163,419 166,234 22.29 48.0% 19.3% 2.5% 47.0% 47.8%
4 2| 350,337 5,522 78,941 189,791 50,839 25,244 13,794 188,729 142,289 22.5% 54.2% 14.5% 3.9% 53.99% 40.6%
4 3| 237,587 2,579 58,434 123,684 34,697 18,193 9,992 105,084 119,933 24.6% 52.19% 14.6% 4.2% 44.2% 50.59
5 1 56,601 364 14,821 24,360 11,773 5,283 1,779 25,524 28,934 26.29 43.0% 20.8% 3.1% 45.1% 51.1%
5 2 79,273 2,904 11,438 40,014 21,109 3,808 0| 32,165 44,203 14.49 50.5% 26.69 0.0% 40.6% 55.8%
5 3 16,441 0 2,636 9,177 2,603 2,026 0| 6,810 9,631 16.09 55.8% 15.8Y 0.0% 41.4% 58.6Y
6 1] 0 0) 0) 0) 0 0| 0| 0 0f 0.0% 0.0% 0.0% 0.0% 0.0% 0.0%
6 2| 258,863 1,682 42,039 154,12 59,491 1,537 0| 134,415 122,764 16.29 59.5% 23.09 0.0% 51.99% 47.4%
6 3| 287,86 14,17 81,339 119,836 48,448 24,067 8,426 104,375 160,889 28.3Y 41.6% 16.8% 2.9% 36.3% 55.99%

Total 3,687,556 359,997 1,192,956 1,509,074 462,777 162,752 272,156 1,568,264 1,487,13 32.4% 40.9% 12.5% 7.4% 42.5% 40.3%

Model

Residence Number of households Household Distribution

Ring  Sector |Total 0 cars 1 car 2 cars 3 cars 4+ cars  Cars<Work Cars=Work Cars>Work|0 cars 1 car 2 cars 3 cars 4+ cars  Cars<Wor Cars=Wor Cars>Work
1 0 167,715 45,895 83,754 33,184 2,645 2,239 26,134 67,875 27,814 27.4% 49.99 19.8% 1.6% 1.3% 15.6% 40.5% 16.6%
2 1| 423,07 73,244 174,66 133,689 31,020 10,465 62,630 165,000 122,20Q 17.39 41.39 31.6% 7.3% 14.8% 39.0% 28.9%
2 2| 425,83 63,064 169,405 144,12 36,760 12,480 72,450 152,650 137,664 14.89 39.8% 33.8% 8.6% 17.0% 35.8% 32.39%
2 3| 484,07 73,500 198,52 156,43 41,675 13,945 66,220 169,020 175,33( 15.29 41.09 32.3% 8.6% 13.7% 34.9% 36.2Y
3 1 164,98 6,025 47,904 76,285 24,720 10,045 18,950 66,455 73,550 3.7% 29.0% 46.2% 15.0% 11.5% 40.3% 44.6%
3 2| 261,285 9,470 75,580 121,241 39,21§ 15,780 33,59¢ 109,16 109,064 3.6% 28.9% 46.4% 15.0% 12.99% 41.8% 41.7%
3 3[ 129,485 5,140 37,82( 58,930  19,87Q 7,725 13,960 50,265 60,12( 4.0% 29.2% 45.5% 15.3% 10.8% 38.8% 46.4%
4 1 347,925 5,685 75,674 176,644 60,430 29,49¢ 36,880 144,51 160,85 1.6% 21.8Y 50.8% 17.4% 10.6% 41.5% 46.29%
4 2 350,095 8,045 79,634 173,94 58,950 29,524 40,610 150,47 150,97 2.3% 22.7Y 49.7% 16.8% 11.6% 43.0% 43.19%
4 3[ 235,45 5,475 53,314 116,15 40,455 20,055 24,424 90,040 ALl il 2.3% 22.6Y 49.3% 17.29 10.4% 38.29% 49.1%
5 1 55,754 1,75( 11,565 25,874 12,235 4,330 5,345 21,100 27,56( 3.1% 20.79 46.4% 21.99 9.6% 37.8% 49.49%
5 2 74,780 734 12,035 36,530 18,790 6,690 7,195 30,765 36,084 1.0% 16.19 48.8% 25.19 9.6% 41.1% 48.3%
5 3 21,384 180 4,130 9,915 5,270 1,890 2,050 7,920 11,234 0.8% 19.3% 46.4% 24.6% 9.6 37.0% 52.59
6 1 179,315 4,665 40,084 87,390 36,915 10,26(Q 14,694 67,475 92,48( 22.49 48.7% 20.6% 8.2% 37.6% 51.6Y
6 2| 258,68( 6,075 58,624 126,049 53,455 14,480 21,350 91,890 139,364 22.7% 48.7% 20.7% 8.3% 35.59% 53.99%
6 3| 286,510 9,390 66,22( 137,724 57,115 16,060 22,774 98,875 155,47( 23.1% 48.1% 19.9% 7.9% 34.59% 54.39%

Total 3,866,330 318,335 1,188,930 1,614,090 539,520 205,455 469,260 1,483,470 1,595,265 30.8¥ 41.7% 14.0% 12.1% 38.4% 41.3%

Difference (Model-Survey) Threshold 1,000 Threshold| 1.09

Residence Number of households Household Distribution

Ring  Sector [Total 0 cars 1 car 2 cars 3 cars 4+ cars  Cars<Work Cars=Work Cars>Work|0 cars 1 car 2 cars 3 cars 4+ cars  Cars<Wor Cars=Wor Cars>Work
1 0| -1,38: -10,62 7,879 4,048 8,05: -2,86! -6.1% 4.8% 2.5% 5.1% -1.6%
2 1 2,18: -11,85 -21,863 21,779 8,564 5,56 5,324 7,249 -2.9% -5.4% 5.0% 2.0% 1.3% 1.2% 1.6%
2 2| 1,189 5,171 -7,899 -6,601 6,608 -18,29 9,94 1.2% -2.0% -1.6% 1.5% -4.4% 2.3%
2 3| -30,50! 23,899 7,14 13,52¢ 19,177 -6.3% 4.9% 1.5% 2.8% 3.9%
3 1 -4,711 -3,444 4,86! 4,194 9,208 -10,36 2,052 -2.9% -2.1% 2.9% 2.5% 5.6% -6.3% 1.2
3 2 1,59 21,22 -4,211 -15,87 8.1% -1.9% -6.4%
3 3 -4,004 3,357 6,933 -2,127 -6,207 -3.0% 2.6% 5.4% -1.6% -4.7%
4 1 -3,771 9,74 -6,781 28,023 -18,909 -5,38: -1.1% 2.8% -1.9% 8.1% -5.4% -1.5%
4 2 -15,85] 8,111 4,281 26,81 -38,259 8,681 -4.5% 2.3% 1.29% 7.7% -10.9% 2.5%
4 3 -2,139 2,909 =5,12! =534 5,75 14,43 -15,044 -4,42: Y -2.09 -2.7% 2.6% 6.2% -6.0% -1.4%
5 1 1,38 53:25/ 1,514 3,561 -4,424 -1,374 2.5 -5.4% 3.4% 6.4% -7.3% -1.7%
5 2 -4,49: -2,171 -3,489 il 2,882 7,199 -8,11: -2.7% -1.6% -1.5% 4.1% 9.6% -7.5%
5 3| 4,944 1,494 2,667 2,05 1,11 1,604 3.3% 8.8% 9.6% -4.4% -6.0Y
6 1 179,319 4,669 40,084 87,39 36,919 10,26 14,694 67,474 92,48 2.6% 22.49 48.7% 20.69 5.7% 8.2% 37.6% 51.6%
6 2 4,39 16,599 -28,079 -6,03! 12,94 21,35 -42,524 16,60 1.7% 6.4% -10.8% -2.3% 5.0% 8.3% -16.49 6.5%
6 3| -1,35! -4,78 -15,11. 17,889 8,667 -8,007 14,349 -5,50! -5,41° -1.6% -5.1% 6.4% 3.1% -2.8% 5.0% -1.7% -1.6%

Total 178,774 -41,669 -4,02 76,743 197,104 -84,794 -1.5% -1.6% 1.4% 4.8% -4.2%

The validation results of the workplace location choice model are presenteabie25 at the level of
16x16 district to districjppurney-to-work flows. Althoughthe model accurately replicates the marginals
of the journeyto-work tableg there are some significant discrepansi@ the raw model implementation
that resulted in significant underestimation of commuting from tfi& 8", and %' rings tothe CBD

while the flow from the 2 ring tothe CBD was overestimated. The analysis of reasons for this
discrepancy revealed #t the model primarily underestimat transit commuters because oértain
limitations in the current transit skimming procedure and crude subdivision of ByAZansitaccess
subzones that left many outer zones in th&, 3", and % rings with no wak-to-transit access. It was
decided not to apply{actors or other adjustments to the workplace location choice model but rather
improve the transit access componentthe future (that can be best achieved by adopting smaller
spatial units instead of 25 in transit access calculatipgsichas was implemented in th®an Dieg&F
RAMP model).
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Table25: Validation of Workplace Location Choice Model

Survey
|Residence Workplace ring & sector
Ring  Sector 1 2 2 2 3 3 3 4 4 4 5 5 5 6 6 6 Total
0 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
1 0 153,777 10,869 12,353 9,102 1,383 8,364 883 2,369 877 0) 0 0 0f 0 0 61! 200,591
2 1 156,401 261,19 24,529 16,579 42,934 17,989 2,509 21,754 3,679 1,289 168 183 0f 0] 0 217 549,409
2 2 157,863 52,62Q 268,70 29,399 10,423 43,401 1,271 6,239 23,269 8,624 1,019 153 0 0] 0 0l 602,964
2 3 140,81 23,66 48,964 290,029 5969 12,674 27,48 2,234 3,714 9,704 0| 1,14§ 0f 0) 0 5,766 572,151
3 1 25,141 32,519 5,371 4,044 99,791 22,971 212 31,004 6,123 270 295 0 0f 0] 0 0] 227,744
3 2 40,254 17,351 32,714 4,844 15,757 223,211 2,007 9,258 39,174 5,421 0 of 1,159 0] 0 142 391,301
3 3 21,429 1,531 10,853 28,644 498 8,03 77,137 778 4,157 17,353 0| 1,469 0f 0 0 2,144 174,024
4 1 32,009 21,05 9,322 916| 45,377 31,319 218 369,354 12,003 153 9,495 1,039 0f 0 0 0 532,244
4 2 41,137 12,284 19,963 7,117 16,279 109,209 4,707 28,569 316,499 18,824 202 9,204 515 0 0 777 585,269
4 3 28,829 5,624 15,594 23,449 5,497 18,764 27,414 2,619 26,260 175,904 591 8,013 1,619 0 0 1,241 341,391
5 1 2,829 1,821 887 260 1,127 782 0f 34,597 1,669 0] 45,429 841 0] 0 0 0 90,244
5 2 6,060 752 1,56 2,645 989 6,390 398 3,658 35,637 23,584 83[ 37,209 15]] 0 1,984 0 121,101
5 3 122 0| 585 2,229 83| 585| 705 0o 1,80 6,694 0| 1,827 7,609 0 142 0] 22,374
6 1 0 0| 0] 0 0 0 0 0] 0 0] 0 0 0] 0] 0 0] 0|
6 2 0 0| 1] 0 0 912 0 0| 3,817 41,723 0 2 0f 0) 362,45 0) 408,909
6 3 17,303 1,599 2,341 18,444 620 1,734 7,147 60} 410 5,429 0 0 749 0 30| 312,744 368,614
Total 823,949 442,871 453,737 437,679 246,722 506,335 152,089 512,484 479,082 314,990 57,274 61,074 11,788 0 364,609 323,655 5,188,33:
Model
|Residence Workplace ring & sector
Ring  Sector 1 2 2 2 3 3 3 4 4 4 5 5 5 6 6 6 Total
0 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
1 0 172,27Q 6,759 8,46 4,790 670 1,620 195 380 145 65| 0 5 0] 0 0 115 195,47
2 1 171,57 235,97 47,079 7,269 38,279 25,94§ 385 11,17 780 145 5 5 0f 0) 0 65| 538,654
2 2 153,435 75,999 224,07 25,759 11,60q 65,874 2,919 3,769 3,989 1,604 5 25 0 5] 0 150, 569,18
2 3 187,89 11,96Q 45,40 247,46 1,280 11,411 34,629 505 1,17 9,514 0 5 30| 0) 20[ 16,21 567,48
3 1 10,164 39,119 8,19 355 105,50 33,289 35 34,54 1,929 70} 25| 10] 0f 30} 0 0 233,24
3 2 25,309 18,85 37,33( 3,590 19,345 233,61Q 2,549 6,710 36,330 4,279 5 125 0f 5] 15j 10| 388,044
3 3 23,14 735 9,824 40,28 165 6,915 66,89 30, 1,02 19,894 0 5 95| 0) 155 7,014 176,164
4 1 8,590 21,194 5,309 105 81,780 36,279 10| 348,42Q 22,23 201 7,730 1,169 0] 4,349 450 0] 537,604
4 2 26,609 8,695 20,904 3,570 13,495 155,400 2,440 17,464 287,960 13,794 55( 5,039 85| 10} 660| 0) 556,17
4 3 21,68 1,25 16,834 29,82 475 36,550 49,73 65| 26,540 144,81 0| 3,26 2,52 0) 1,159 8,13 342,824
5 1 680 1,324 179 5 5,220 1,380 0| 45924 1,429 0| 17,459 295 0| 8,09 1,559 0 83,530
5 2 2,825 630] 2,764 840| 1,590 16,264 950 4,549 57,979 14,824 180 16,169 750 5 2,920 5 123,23(
5 3 720, 30| CEE 1,069 30| ilils 2,69 0l 2,609 10,704 0 985 7,37Q 0) 3,87 710 32,43(
6 1 410] 635 55] 0 3,340 350 0of 32,744 250 0] 9,780 10} 0f 196,701 395 0] 244,665
6 2 1,179 22| 490 2,339 845 5,055 5,95 7,759 27,14 14,46 4,665 9,20 5,739 1,284 255,014 1,315 342,65
6 3 23,609 555 1,109 29,679 30| 105 20,919 15| 15] 9,084 0 0 55l 0 470] 282,41 368,53(
Total 830,065 423,915 428,310 396,910 283,640 631,355 190,260 514,025 471,500 243,265 39,905 36,295 17,135 210,475 266,680 316,135 5,299,87
Difference (Model-Survey) Thresholl 1,000
|Residence Workplace ring & sector
Ring  Sector 1 2 2 2 3 3 3 4 4 4 5 5 5 6 6 6 Total
0 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
1 0 18,493 -4,104  -3,893 -4,312 -6,744 -1,989
2 1 R85 -9,307 -4,659 7,96 -2,124 -10,584 -2,899 -1,144
2 2 23,379 -44,63 -3,64( 1,177 22,474 1,639 -2,474 -19,284 -7,02q -1,00§
2 3 47,074 -11,70( -42,569 -4,689 7,144 -1,73q0 -2,544 -1,141) 10,444
3 1 -14,97: 6,591 2,819 3,691) 10,314 3,539 -4,1994
3 2 -14,95( 4,614 -1,25¢ 3,584 -2,544 -1,157 -1,150
3 3 11,634 -1,121] -10,247 -3,137 2,542 -1,46 4,867
4 1 -23,419 -4,029 36,409 4,954 10,224 -1,769 4,344
4 2 -14,52! -3,589 -3,547 -2,784 46,194 -2,267 -11,104 -5,039 -4,169
4 3 -7,14§ -4,374 6,377 -5,017 17,784 22,314 -2,55 -31,094 -4,75 1,159 6,889
5 1 -2,149 4,093 11,329 -27,974 8,099 1,559
5 2 -3,239 1,203 -1,809 9,875 22,343 -8,76% -21,044
5 3 -1,16! 1,985 4,017 3,729 10,054
6 1 3,340 32,744 9,780 196,70 244,664
6 2 1,179 2,335 4,143 5,950 7,759 23,324 -27,25: 4,665 9,199 5,734 1,289 -107,43 1,314 -66,259
6 3 6,302 -1,03§  -1,243 11,229 -1,631 13,763 3,654
Total 36,918 125,020 38,171 -71,725 -17,369 -24,779 5,347 210,475  -97,929
Ratio (Model-Survey)/Max(Model,Survey)
Difference (Model-Survey) Thresholl 10%
|Residence Workplace ring & sector
Ring  Sector 1 2 2 2 3 3 3 4 4 4 5 5 5 6 6 6 Total
0 1 2 3 1 2 3 1 2 3 1 2 3 1 2 3
1 0 11% -389 -329 -47% -81% -849
2 1 48% -56% -11% 31% -85% -49% -79% -89%
2 2 31% -179 -12% 10% 34% 56% -409 -83% -819% -100Y
2 3 25% -49% -15% -79% 21% =779 -68% -100Y 64%
3 1 -60% 17% 349 -91% 31% 10% -69%
3 2 -37% 129 -26% 19% -28Y -219 -100Y
3 3 29% -14% -13% -75% 13% -100Y 69%
4 1 -73% -43% 45% 14% 46% -19% 100Y
4 2 -35% -29% -50% -17% 30% -48% -399 -279 -45%
4 3 -25% -78% 21% -91% 49% 45% -989 -189 -59% 100% 85
5 1 -76% 78% 25% -62% 100Y 100%
5 2 -53% 44% -68% 61% 39% -379 -57%
5 3 -52% 74% 37U 96% 31%
6 1 1009 100Y 100% 100Y 100¢
6 2 1009 1009 82% 100% 100Y 86% -659 1009 1009 1009 100y -30% 100Y -16%
6 3 27% -65% -539 38% -949% 66% 40%
Total 13% 20% 20% -23%  -30%  -41% 31% 100% -27%
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Another important validation dimension for the workplace choice as well as for all destination choice
components is comparison of the corresponding-tgpgth distributions (TLDs) produced by the model
to the observed TLDs tabulated from the expanded eyirhe comparison of the modeled TLD to the
observed one is presented Figurel2. Overall, the match is reasonable and it can be easily improved
by calibration of the distancdecay function. However, we believe that rather than mechanically adjust
the distancedecay function at this stage it would be better to address two particular issues in future
model improvement efforts. The first issueatssto an underestimation of the long commuting trips
that is correlated with the journejyo-work matrix discrepancies discussed above. We believe that
improvement of the transit side of the model may eliminate any need in calibration of the TLD since it
will bring more lonedistance commutergprimarily by premium transit)The second issues relates to an
underestimation of very short commuting cases (under 5 miles). Analysis has shown that it is largely a
conseqguence of mixing together commuters wathort distances and those who work from homean
permanent basis (10% in th@hseholdtravel sirvey). In the current model structure, workers from
home are treated mechanically as iHf®Z commuters. In the recent advanced versions éR ANIP
developel for San Diegand Phoenix, a special safiodel for work from home was added that allows

for proper treatment of this agment. We recommend includitigis submodel in the CMAP GRAMP
structurein the future so as toesolve the issues immore consistnt way compared to a mechanical
adjustment of the distancélecay function.

Figurel2: Validation of Trip Length Distribution for Journey to Work
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Validation results for th€oordinated Daily Activity pattesulb-model are presented ifiable26. This
modelrequired minor calibratiorsince it was originally transferred from the ARC regilorthe current
state, this submodel exhibis a very reasonable pattern across 8 major perggres and 3 main daily
activity patterntypes: 1=mandatory day when at least one work or school activity is included, 2=non
mandatory travel day when no mandatory activity is inclutet at least one oubf-home non
mandatory ativity is present, and 3=stagt-home pattern with no oubf-home activities.For each
person type, a distinctive proportion of daily pattetypesare properly replicated.This model is
relatively easy to dibrate further and eliminate any residual discrepancies for {iane workers,
retirees, and preschool childrebut it was decided to reserve the final tuning for future model
improvements sincefor examplethe suggestedyeneral revision of transit poedures and
accessibilities might affect this model as well.

Table26: Validation ofDaily Activity Rittern Model

Survey
Person type Number of persons Person distribution

Total Mandatory Non-mandato Home Mandatory Non-mandatory Home
1=Full-time worker 4,883,164 3,971,93¢ 627,687 283,539 81.39 12.9% 5.8%
2=Part-time worker 1,120,09(¢ 666,362 310,853 142,879 59.5% 27.8% 12.89
3=University student 429,610 238,344 145,807 45,46( 55.5% 33.9% 10.6%
4=Non-worker U65 1,059,12°¢ 5,785 790,79C 262,550 0.5% 14.7% 24.8%
5=Retiree 1,230,17¢ 2,659 872,668  354,85( 0.2% 70.9% 28.89
6=School child 16+ 383,063 298,337 61,428 23,302 77.9% 16.0% 6.1%
7=School child 5-15 1,824,229 1,309,371 373,565 141,293 71.8% 20.5% 7.7%
8=Preschool child U5| 1,063,34¢ 288,149 514,043 261,154 27.1% 48.3% 24.6%
Total 11,992,808 6,780,940 3,696,843 1,515,024 56.59 30.8% 12.69
Model
Person type Number of persons Person distribution

Total Mandatory Non-mandato Home Mandatory Non-mandatory Home
1=Full-time worker 4,090,640 3,350,700 500,700 239,24( 81.9% 12.2% 5.8%
2=Part-time worker 903,445 510,050 298,35( 95,045 56.5% 33.0% 10.5%
3=University student 380,540 213,175 125,665 41,70(0 56.0% 33.0% 11.0%
4=Non-worker U65 1,310,54( 0 974,445 336,099 0.0% 74.49% 25.69
5=Retiree 865,96( 0 601,12( 264,84( 0.0% 69.4% 30.69
6=School child 16+ 349,035 274,735 54,255 20,945 78.5% 15.5% 6.0%
7=School child 5-15 1,613,445 1,165,91¢ 323,43( 124,100 72.3% 20.0% 1.7%
8=Preschool child U5 934,855 262,995 439,180  232,68( 28.19 47.0% 24.99
Total 10,449,360 5,777,570 3,317,145 1,354,644 55.3% 31.7% 13.09
Difference (Model-Survey) Threshold: 1,000 Threshold 1.0%
Person type Number of persons Person distribution

Total Mandatory Non-mandato Home Mandatory Non-mandatory Home
1=Full-time worker -792,524
2=Part-time worker -216,644 -156,314 -12,503 -47,83( -3.0% 5.3% -2.2%
3=University student -49,07¢
4=Non-worker U65 251,415
5=Retiree -364,218 -271,548 -90,01d -1.5% 1.7%
6=School child 16+ -33,124
7=School child 5-15 -210,784
8=Preschool child U5 -128,493 -25,154 -74,863 1.0% -1.4%
Total -1,543,448% -1,003,37 -1.3%
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The discrepancy between the absolute number of observations in the survey and number of-person
days in thanodel run is due to the fact that some househsleere surveyed during two consecutive
days and, in some casedoth surveyed days were weekdays. The survey expansion factors were
developed for households, not for househaldys. This does not hampecamparison between
percentagedistributions by daily activity patterfor each person type that was used as the basis for
model validation and adjustments of constants.

Validation results for the joint travel frequency model are presentetidghle27. This model has gone
through several rounds of calibrations since it was originally transferred from the ARC ré&gin.
comparisons betwee the survey andhe model areincludedfor each household sizeategory and
numberof-workers category since these two household characteristics are amongst the strongest
determinants of fully joint tour making. All else being equal, large householdsatigtgenerate more
joint activities while presence of workers (the busiest individual person type) results in less fully joint
tours (fully joint tours do not include escorting to school since these tours are not fully joint).

Table27: Validation of Joint Travel Frequency Model

Survey

Household Number of Households Joint tours by purpose Joint tour frequency

size workers Shopping  Maintenance Eating out  Visiting Discretionary Total Shopping Maintenar Eating out Visiting  Discretiona Total
1 0 493,294 0| 0| 0| 0 0| 0) 0.00¢ 0.00 0.00 0.00 0.00 0.00
1 1 701,759 0| 0| 0| 0 0| 0) 0.00¢ 0.00 0.00 0.00 0.00 0.00
2 0 262,69( 33,929 33,277 12,093 8,912 28,299 116,49 0.129 0.127 0.04 0.034 0.10 0.44
2 1 347,019 27,434 14,285 10,823 5,974 25,909 84,42( 0.07 0.041 0.037] 0.017 0.07§ 0.243
2 2+ 713,081 29,824 13,927 25,852 9,793 17,363 96,767 0.042 0.020Q 0.034 0.014 0.024 0.134
3 0 52,959 7,353 3,046 2,760 1,796 9,619 24,574 0.139 0.05: 0.057 0.034 0.187 0.464|
3 1 229,191 31,714 19,589 8,467 17,144 20,779 97,699 0.138 0.084 0.037 0.075 0.09] 0.424
3 2+ 454,12 32,921 36,297 11,421 8,822 23,430 112,88 0.072 0.08 0.029 0.019 0.057 0.249
4 0 23,339 5,214 2,631 1,849 3,301 3,417 16,419 0.224 0.113 0.079 0.141 0.14 0.703
4 1 187,104 36,017 22,729 7,348 8,365 29,963 104,429 0.192 0.12] 0.039 0.044 0.160 0.554
4 2+ 451,154 54,966 30,186 20,778 20,719 54,313 180,964 0.122 0.067] 0.04 0.044 0.12¢ 0.401
5+ 0 27,309 5,780 1,613 0| 315 5,508 Az} 2l 0.212 0.059 0.009 0.012 0.207 0.484
5+ 1 219,301 34,799 30,579 8,482 15,189 31,094 120,131 0.159 0.139 0.039 0.069 0.147 0.54
5+ 2+ 368,04t 56,803 36,164 15,611 10,696 47,147 166,411 0.154 0.09: 0.047 0.029 0.12§ 0.452

Total 4,530,37 356,75 244,31 125,484 111,02 296,82 1,134,40 0.079 0.054 0.02§ 0.029 0.06 0.25(

Model

Household Number of Households Joint tours by purpose Joint tour frequency

size workers Shopping  Maintenance Eating out  Visiting Discretionary Total Shopping Maintenar Eating out Visiting  Discretiona Total
1 0 498,19 0| 0| 0| 0 0| 0 0.00!¢ 0.00 0.00 0.00 0.00 0.00
1 1 518,964 0| 0| 0| 0 0| 0) 0.00¢ 0.00 0.00 0.00 0.00 0.00
2 0 205,944 54,655 16,340 8,940 8,870 9,240 98,044 0.264 0.07 0.04: 0.04 0.04§ 0.47
2 1 342,934 25,259 10,290 9,605 5,365 10,685 61,20 0.074 0.03 0.02 0.01 0.037] 0.17
2 2+ 585,000 20,250 9,950 18,450 5,750 17,265 71,669 0.03§ 0.017 0.037 0.010Q 0.03¢ 0.123
3 0 38,824 12,119 4,165 1,495 2,460 2,55(0 22,78( 0.312 0.107] 0.039 0.063 0.064 0.587|
3 1 183,15 25,410 13,524 6,845 6,735 13,105 65,62( 0.139 0.074 0.037 0.037 0.077 0.35
3 2+ 394,224 23,034 14,615 16,365 8,135 24,285 86,439 0.058 0.037] 0.047 0.021 0.067 0.219
4 0 22,34( 7,420 4,335 750 1,930 2,399 16,83( 0.332 0.194 0.034 0.084 0.107 0.753
4 1 152,964 30,915 24,44Q 5,840 9,635 23,565 94,394 0.202 0.16 0.034 0.063 0.15 0.617
4 2+ 403,68 36,340 33,045 19,060 13,399 55,985 157,824 0.090 0.082 0.047 0.033 0.139 0.39]
5+ 0 26,42( 8,445 5,830 805| 2,210 3,390 20,68( 0.320 0.22]f 0.03¢ 0.084 0.12§ 0.783
5+ 1 133,61( 30,854 28,845 4,655 10,760 28,295 103,41 0.23] 0.2149 0.039 0.081 0.217 0.774
5+ 2+ 360,08( 46,194 48,754 17,635 23,139 77,100 212,82 0.128 0.134 0.049 0.064 0.214 0.591

Total 3,866,33 320,884 214,139 110,449 98,38( 267,86 1,011,70! 0.083 0.059 0.029 0.029 0.069 0.262

Ratio (Model-Survey)/max(Model,Survey) Threshold: 1,000 Threshold: 2%

Household Number of Households Joint tours by purpose Joint tour frequency

size workers Shopping  Maintenance Eating out  Visiting Discretionary Total Shopping Maintenar Eating out Visiting  Discretiona Total
1 0 4,899
1 1 -182,78
2 0 -56,749 38% -51% -26% -67% -16% 519% -37% -6% -58% 7%
2 1 -4,084 -8% -28% -11% -59% -28% -7% -27% -10% -58% -27%
2 2+ -128,08 -32% -29% -29% -419 -26% -17% -13% -13% -28% -10%
3 0 -14,134 39% 27% -46% 279 -73% -79% 55% 46% -26% 46% -64% 219
3 1 -46,041 -20% -31% -19% -61% -37% -33% 0% -14% 1% -51% -21% -16%
3 2+ -59,894 -30% -60% 30% -23% -19% -54% 39% -12%
4 0 30% 39% -59% -42% -30% 2% 33% 42% -58% -39% -27% 7%
4 1 -34,141] -14% 7% -21% 13% -21% -10% 5% 249 -3% 29% -4% 10%
4 2+ -47,47! -34% 9% -89 -35% 3% -13% -26% 18% 2% -28% 13% -3%
5+ 0 32% 729 100% 86% -38% 36% 349% 73% 1009 86% -36% 38%
5+ 1 -85,691 -11% -6% -45% -29% -9% -14% 31% 35% -10% 14% 33% 29%
5+ 2+ -7,964 -19% 26% 11% 54% 39% 229 -17% 27% 13% 55% 40% 23%

Total -664,047 -10% -12% -12% -11% -10% -11% 5% 3% 3% 4% 5% 4%
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In general, a very good match was achieved betweersurvey andhe model with respect to the

average joint tour rate per househofdr eachof the 5non-mandatory travel purposeconsideredn

this sub-model(shopping, other maintenance, eating out, visiting relatives and friends, and other
discretionary). It required a slight adjustment of the tdtgquency constants that are currently set for
each purposebut in a generic way (i.e. not specific to each household size and compositiom). As
result, there are still some structural discrepancies for some travel purposes and household categories.
Of course, it would be possible to eliminate these discrepambiy applying a more structural set of
adjustment constants but this would be an example of a mechanicalspeeification of the choice

model. Also, note that fully joint travel of household members cannot occur igparson household,

hence there arano joint tour rates in this case in both the survey and model output.

As a future improvement, a/suggesftully re-estimatingthis modelwith the CMAPFhousehold travel

survey data that would allow for accounting of the important specifics of the lamaditons. Joint
household travel is a strong function of urban density and transportation accessibilities; thus the
corresponding model parameters estimated for the Atlanta region might be significantly different from
the Chicago region (although the meldstructure itself is quite transferable between regions as the
previous 7 applications of ERAMP have proven).

Validation results for the individual travel frequency model are presented in

Table28. Similar to the joint tour frequency model discussed abofies inodel also has gone through
several rounds of calibrations since it was originally transferred from the ARC régiasimir way,

for the bottom line, a very good match was achieved for the average tour generation rate per person by
the 6 nonmandatory travel purposes considered in thigrmodel (escorting, shopping, other
maintenance, eating out, visiting relatives and ids, and other discretionary). There are some
discrepancies at the level of structural details. Forshismodel, analysis is implemented at a high
level of detail by 8 person types, 2 daily pattern typesgn-mandatory patternislogically associate
with higher tour rates compared tamandatory pattern when the person baither work or school
activitieson the given day), and 2 joint travel participation categories (those who participated in joint
activity vs. those who did notith a logical negave impact ofjoint activity frequency on individual
activity frequency due to a substitution effeets well adecause ofime constraints).

It should be noted that a combination of all dimensions involved in this analysis results in 192 tour rate
cdls (8x2x2x6yhere some segments we quite thin in the surveyesulting in lumpiness in the targets
themselves Again, as with the previously discussed joint tour frequency mitdeduld be possible to
improve the structural match by proliferation of the adjustment constants. However, this over
specification strategy was rejectednsteada full reestimation of this model with the CMA®usehold
travel survey is suggestedspart of future model improvemerst It should also be noted that the CMAP
householdiravel survey (2007)isin many respects better than the ARGQuseholdtravel survey(2001)

and it includes more person and household variables that can be used to explahbehavior.
Anotherimportant angle of view that can be provided with the CM#Rseholdtravel survey isthe

impact of urban density and transportation accessibility on individual travel frequency. The Atlanta
region is much more uniform and lesansit-rich compaedto the Chicago region; thus the full

spectrum of these impacts could not be reflected in the ARC model system. In this regard, application of
a wider set of accessibility measures (as applied in the SANDAGABECTIRAMP ABMS) is ke

important for the future improvements of all suinodels of theCMAPCFRAMP ABM. This is reflected

in our general conclusions and recommendations.
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Table28: Validation of Individual Travel Frequency Model

Survey
person Type Daily Activity [Jointtour oo l: Number of Non-Mandatory Tours [ Observed Non-Mandatory Tour Rate per Person
Pattern participation| Escort Shop Main Eating Visit Discr Total [Escort Shop Maint Eating Visit Discr Total
2=Non- 146,07Q 6,55! 49,20 40,62 59,7 73,47 605,67 0.39: 0.379 0.407 011 0.163 0.20f 1.659
1=Full-time |Mandatory 8,482 00,706 42,95 49,9: 83,47 472,02 0.214 0.531 0.384 0.16: 0.191] 0.321 1,801
worker 0,90: 37,20: 53,52 80C 181,03 857,03 0.054 0.05! 0.03: 0.01§ 0.022 0.05! 0.23:
4 6,99 75,67 79,32 35,04 116,00 450,68 0.074 0.313 0.203 0.212 0.094 0.317) 1209
2=Non- 82,59 65.024 10,91 26,6 . 325,584 0.462 0.43 0.339 0.057 0.139 0.26¢ 1699
2=Part-ti y 68,53 52,67 22,20 14,74 64 256, 0.397 0.571] 0.443 0.187 0.124] 0.434 2.15!
worker 1=Mandatory 95, 76, 15,894 27,28 3 0.119 0.160 0.12: 0.027 0.041 0.06 0.547
27,4 10,70: .355 23,328 103,27 0.239 0.394 0.289 0.154 0.077 0.339 1489
2=Non- 17, 23 22,071 21,956 144,76 0.3294 0.23f 0.32 0.19%4 0.239 0.233 1524
3=University (Mandatory 0,18: ! 44 93,333 0.197 0.434 0.24 0.197 0.107 0.619 1804
student 1=Mandatory 1,985 .71 66,779 0.06 0.041) 0.06% 0.00 0.04: 0.079 0.297
1,30 1,97 17,53 0.204 0.242 0.244 0.097 0.147 0.36 1309
2=Non- 24,74 75,072 785,381 0.547 0.33 0.367 0.05: 0.162 0.239 1.697
4-N K Yy 33,46 51,495 671,981 0.364 0.6717 0.39% 0.102 0.157 0.354 2.04¢
0) 0] 1,57 0.124 0.017 0.042 0.00 0.00 0.117 0.30
7 0| 0] 619 0.16: 0.02¢ 0.16: 0.00 0.00 0.80! 1.169
2=Non- 589,914 91,02f 263,84 222,31 48,30: 79,39: 879,84 0.154 0.4417 0.377 0.0823 0.13§ 0.297 1.491
y 282,754 13,60 122,74 121,987 45,594 30,73 432,17 0.04: 0.434 0.431 0.16% 0.10 0.349 1.52¢
1,864 21 0| 25| 0] 754 0.11: 0.00¢ 0.01. 0.00 0.00 0.27: 0.404
7 792 OI 47| 0 58| 47| 840 0.00 0.05! 0.00 0.07: 0.05! 0.86! 1.061
2=Non- 39,40 3,26 7,773 9,227 2,061 14,449 59,434 0.08: 0.197 0.234 0.052 0.367 0.579 1.50:
6=Driving age[Mandatory 22,0a 3,72% 10,043 ,633 1,268 3,057 38,3094 0.16! 0.45! 0.392 0.05: 0.13 0.529 1.73
school child 26! ,91q 10,40: 7,76 ,787‘ 2,48 14,451 75,099 0.03! 0.02! 0.03: 0.00 0.054 0.11 0.27:
7 % 55! 3 3,78 5,42? 37,137 0.01! 0.309 0.21. 0.13: 0.19% 0.44f 1309
.. [2=Non- , 3,22 40,81 74,6 171 40: 0.18! 0.079 0.122 0.024 0.29 0.547 1.25!
7=Pre-driving %— = %
age school Mandatory 33,83 38,49 X 344,85 0.05! 0.384 0.27. 0.14: 0.162 0.43 1.45!
child 1=Mandatory 4,24 3 ,45]] 195,48 0.024 0.004 0.01. 0.004 0.027 0.099 0171
23,02 22,6/ 216,95 0.02 0.227 0.19 0.12: 0.121 0.47f 1.16
2=Non- 47. 29,26 213,99 0.679 0.031) 0117 0.00: 0.18. 0.34 1349
y a 40,24 8. ,074 552,91 0.181 0.444 0.263 0.11: 0.22: 0.329 1.55¢
child 239,2: 6,74¢ 2,30¢ ,569 0 98 33,36 0.07 0.01 0.01 0.00 0.01 0.037 0.13!
Y 48,9 1,49 14,241 10,014 8,35 aﬁ 72,14 0.234 0.291] 0.204 0.171] 0.181] 0.394 1.474
| Total 10,477,7 1,472,48 2,063, 99!’ 1,676,19. 582,70 86 571 1‘841‘741 8,503,68 0.141 0.197 0.16/ 0.05 0.083 0.171 0819
Model
Person Type Daily Activity [Joint tour Persons Number of Non-Mandatory Tours | Observed Non-Mandatory Tour Rate per Person
Pattern articipation| Escort Shop Maint ____ Eating Visit Discr Total |Escon Shop Maint Eating Visit Discr Total
2=Non- 342,6! 1 .596 117.453 124,88 34,80( 52,07 63,601 524,401 0.384 0.343 0.364 0.102 0.152 0.18 153
1=Full-time  [Mandatory 158,0 4,61 75,01 6,760 25,07 9,74 47,35! 268,56 0.219 0.479 0.359 0.15! 0.18: 0.30f 1694
worker 2,859,4: 156,21 176,31! 115,345 57,74 4,90( 153.7% 724,27 0.059 0.063 0.04 0.02f 0.02: 0.054 0.259
o 491,2 .% 1 4, 94,01 44,83 134,75! 545,30 0.077 0.284 0.192 0.19% 0.09% 0.274 1119
2=Non- 194,03 179! 10,43 4.723 49,120 311,87 0.452 0.404 0.317 0.054 0.127 0.253 1.607
2=Part-time  [Mandatory 1 )4.325 3 ZQ 16,67( 12,29 38,445 195,50 0.369 0.484 0.37: 0.161 0.11: 0.36! 1.874
worker 1=Mandatory 422,67 50,50 11.14d 226,32 0.11! 0.159 0.12. 0.02 0.044 0.067 0.539
87,37ﬂ 19,34! 11.72g 110,00! 0.221) 0.31! 0.244 0.134 0.06/ 0.274 1.25
2=Non- 81,2311 29,201 16,161 138,929 0.35! 0.261) 0.354 0.19 0.25% 0.289 1.71
3=University [Mandatory 44,435 9,078 16,67 . 8,570 72,68 0.204 0.379 0.247 0.19: 0.11§ 0.501 1.63
student 1=Mandatory 182,99! 11.% 2,00 53,539 0.069 0.044 0.06/ 0.01% 0.041 0.077 0.29:
30,18 6,33 3,019 37,59 0.211 0.221) 0.241 0.10 0.154 0.31! 1.24
2=Non- 623,40 321.2;3 185,67 30,674 957,11 0.51§ 0.29: 0.32: 0.04 0.14: 0.20: 1.539
AN \ y 351,04 118,62 173,41! 114,5ﬂ 32,074 591,60! 0.33: 0.494 0.32 0.09% 0.144 0.297 1.689
0] 0| 0| 0| 0| 0] 0.00 0.00¢ 0.00 0.00 0.00 0.00 0.00!
7 0] 0| 0| 0 0| 0] 0.00 0.00¢ 0.00 0.00 0.00 0.00f 0.00
2=Non- 418,37( 62,444 176,0@ 148,35 33,08 590,28! 0.14: 0.421 0.355 0.07 0.127 0.281 1A
'y 182,75a 8,410 66,41q 71,22! 27,874 251,77 0.04 0.363 0.39 0.15: 0.10: 0.31: 1279
o 0| of of 0| 0| 0.001 0.001 0.00( 0.00( 0.00( 0.00! 0.001
4 0 0| % of 0| 0| 0.001 0.001 0.00( 0.00( 0.00( 0.00! 0.001
2=Non- 28,09 2,540 6,40t ,68( ,280 40,399 0.09 0.22§ 0.234 0.04 0.327 0.50¢ 1439
6=Driving age|Mandatory 4,450 10,38 12! 1295 39,559 0.17 0.397] 0.34 0.05( 0.12 0.41 1514
school child 1=Mandatory 8,94! 9,24t 6! ,01! 70,89 0.041 0.043 0.042 0.01. 0.06/ 0.12: 0.329
87! 13, Zg , 72 59,05 0.019 0.23! 0.16! 0.09: 0.161 0.32 1.00
7=Pre-driving 2=Non- 27,67 15, ,97( 4,85! 185,861 0.181 0.10: 0.12. 0.037 0.27. 0.50f 121
age school Mandatory 7,46 52, q 1! 199,93 0.044 0.31 0.21¢ 0113 0.134 0.35 117
child y 21,140 18, q 5 190,489 0.02 0.024 0.02 0.017 0.032 0.117 0.239
, 06! 65,14! q 9 327,57 0.017 0.18! 0.153 0.097 0.10( 0.35¢ 0.90f
2=Non- 121,12 12,11 d 12! 251,134 0.647] 0.064 0.117] 0.017 0.181] 0.327 1.34
= y 45, Qﬁ 95,86! 00 27,70 360,15 0.180 0.380 0.244 0.11 0.214 0.30]] 1.42!
child 1=Mandatory 12, Oﬂ ,86! ,060 4,794 35,62 0.073) 0.021) 0.017 0.021 0.01 0.042 0.199
1=yes 80,44d i) 2% 21,40 15,330 13,00( 111,09 0.23 0.26 0.191 0.162 0.16 0.35 138
| Total 9,094‘711 1,400,81 1,710 GAQ 1,426,69 543,49 769,37 1,620 A7d 7,471,48 0.154 0.18: 0.157 0.06/ 0.089 0.171 0829
Ratio (Model-Survey)/max(Model,Survey) Threshold 10,00 Threshold
Person Type Daily Activity ~[Joint tour Number of Non-Mandatory Tours [ Observed Non-Mandatory Tour Rate per Person
Pattern articipation| Shop Maint Eating Visit Discr Total Escort _Shop Maint Eating Visit Discr Total
2=Non- 0=no -6.5% -9.9% -14.09 -16.3% -13.49 -3.6% -8.0% -10.5% -8.4% -6.7% -7.49 -7.49
1=Full-time ~ [Mandatory -39.5% -38.7% -45.8% -43.6% -41.6% -40.49 -43.39 -43.19 1.2% -10.5% -6.9% -3.6% -1.6% -6.3% -6.0%
worker -20.5% -20.19 -16.49 -15.99 -17.6% -15.19 -15.59 0.5% 5.0% 5.5% 26.3% 3.5% 6.4% 6.0
7 24.09 26.9% 16.1% 19.8% 15.6% 13.9% 17.49 3.8% -9.4% -5.29 -9.9% -2.8% -11.79
2=Non- -4.29% -2.19 -6.2% -6.49 -5.4% -8.3% -5.8%
2=Part-time y -12.29 -26.39 -25.19 -25.6% -23.79 -6.8% -16.0% -14.79 -14.59 -5.1% -15.29
worker -29.29 -29.19 -31.29 -31.99 -29.49 -30.6% 0.19 -2.9% -3.99 -1.0% -3.0% -0.4Y
7 20.49 -5.8% -19.1% -12.8% -13.79 -18.4Y
2=Non- -13.6% 9.89 9.6% 4.2% 6.4% 18.19
3=University [Mandatory -22.19 3.5% -13.4% -1.9% 7.0% -19.19
student 1=Mandatory 0=no -18.6% -19.8% -3.8% 7.09% 19.29 -4.9% -4.3Y
1=yes 55.49 53.3% 1.0% -8.7% 2.8% 5.2% -12.89
2=Non- 25.8% 21.29 17.19 15.59 15.6% 16.19 17.99 -5.8% -10.4% -12.29 -7.99% -12.19 -11.59
Mandatory 6.6% -21.99 -10.6% -11.99 -12.09 -8.2% -27.0% -16.59 -10.59 -8.0% -17.79
4-Non-worker S —— —— —_
1=Mandatory -100.09 -100.07 -100.09 -100.09
-100.0% -100.0% -100.0% -100.0%
2=Non- -29.1Y -31.49 -33.3% -33.3% -31.59 -33.39 -32.99 -32.99 -3.3% -5.9% -5. -3.49% -5.9%
y -35.4% -45.99 -41.6 -38.99 -35.79 -40.49 -41.79 -4.49 -16.39 -9.7% -5.49 -0.6%
. -100.0% -100.0%
1=Mandatory — -
-100.0% 0.0 -100.0%
2=Non- -28.79 -32.09 8.3 13.59 1.5% -12.99 -10.99
6=Driving age|Mandatory 0.5% -13.0 -11.09 -14.09 -7.99
school child -19.99 6.9% 32.89 22.49 34.09 10.8%
7 51.59 37.19 -23.2% -21.7% -23.19 -26.79 -15.59
7=Pre-driving |2-NON" 10.79 7.8Y -4.3 28.19 1.6Y 25.5 -8.39
age school | Mandatory -28.19 -42.09 -44.19 -43.29 -40.39 -41.6% -42.0% -12.1% -19.3% -22.39 -21.09 -17.09
child y -28.3% -10.0% 9.5% 65.3% 31.19 67.19 15.7%
48.3% 34.8% 32.9% 34.6% 37.2% 32.29 33.89 -16.8% -20.6% -22.8% -20.99 -17.6%
2=Non- 14.8% 11.4Y 14.8% -3.8% 51.8% -0.3% 82.3% -1.6%
= y -28.99 -29.3% -39.79 -34.09 -31.29 -33.6% -34.29 -34.99 -0.5% -15.2% -7.1% -3.2% -6.5%
child -23.79 1.0% 54.59 35.9% 100.0% 7.6%
7 39.29 35.19 1.1% -8.6% -6.8% -5.3% -6.8%
[ Total -13.29 -4.9% -17.19 -14.99 -6.7% -11.29 -12.09 -12.19 8.8% -4.5% -1.9% 6.9% 2.2%9
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Validation results for théour mode choicenodel are presented ifable29for the entire regiorandin
Table30for the most important geographic segment thapresents tours to and frorthe CBD (not
including intraCBD tours that represent yet another unique segmeiit)is modeftequiredseveral
roundsof calibrationsor the to-and-from-CBD segmenalthough it was estimated with the CMAP
survey data However, following the best practice of disaggregate estimation of behavioral matieds
model did not include any geographic constants. This means that the significant differencesaln mod
split (particularly transit share) observed by geographic segmieritse Chicago region have to be fully
explained by physical measures of level of service by different modes, including actual availability of
each mode, its accessibility, convenience, comfamt other attributes.

Table29 shows thata reasonable match was achieved (from the very beginning) with respect to the
entire-region statistics by mode for each of the 10 travel purposes (work, universitypk escorting,
shopping, other maintenance, eating out, visiting relatives and fseother discretionary, and at

work). The analysis included 14 main modesluding 6 auto modes with an explicit modeling of 3 auto
occupancy categories (SOV, HOV/2, HOV/3+) and 2 route type alternativem(Nsntoll).

However, at the desired level of spatial segmentation, and in particular forasuiohportant segment

as tours to and fronthe CBD some discrepancies were revealed that proved to be difficult to eliminate
at the current stage of the projectThe most important issue seenTiable30is that the model

currently underestimate commuting taand fromthe CBD byransit modes irgeneraland premium

transit modes in particularA mechanical adjustment of modgecific constants to match the observed
share of transit for tours to and froithe CBD (about 45%) would result in very large values for
geographiespecific constants for tragit modes that would result imodel overspecification.

Asmentioned aboveén the discussion on the journgg-work table, a thorough analysis revealed some
problems with the transit network procedures as well as the supporting split & ByAZ transitaccess
subzones (short wlk, long walk, and no accesg#jsaresult of these procedures, a large number of TAZ
located in the &, 4", and %' rings of the metropolitarareaproved to have a highroportion of no

access cases that cannot be changed by model calibration. A further mechanical adjustment-of mode
specific constarst would enforce the model to compensate for the deficiencies of the network
procedures by making an unreasonably large share of transit usérs transitaccess suaones. For

this reason, we decided to adopt the current version of the model that geasra lower proportion of
transit tours to and from CBD (35% instead of 45%) but is characterized by reasonable minimal mode
specific constants for this segment.

We believe that the best solution for the mode choice problems will be an oveagdirrevisiting of the
transit procedures as well asansferring theentire model structure and restructuring network
procedures to a smaller geographic unit thie TAZ. CMARas prepared rost of the socieeconomic,
landuse, and employment variables at the levell6f819subzones (based dPLSS quartesections.
We strongly recommended takirfgll advantage of this finer level of spatial resolutias was
implemented in the San Diego-®RAMP model Afiner level of patial resolution leads tbetter
modeling of transit access, nanotorized accessibilities, and location choice.
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Table29: Validation of Tour Mode Choice Mod€Entire Region)

Survey
Tour Mode Tour Mode Distribution
Purpose Total SOVNT SOVTL _ HOVZNT _ HOV2TL _ HOV3NT HOV3TL _WALK  BIKE WK LOCAL WK PRE __DRIVE LO(DRIVE PRETAXI SCHBUS [SOVNT _ SOVTL _HOVZNT HOV2TL HOV3NT HOV3TL WALK  BIKE  WKLOCALWKPRE DRIVE LO(DRIVE PRETAXI _ SCHBUS
1 Work 2,600,922 2,855137]  170,887] _ 460,166] 23,986 200,272] 5308 127,885 8 219.354]  23,761] 6,07t 6219  3.79  10.09 059 449 019 284 184 329 58 0.3%] 1 059 0.19
2 University 229,80 99,504 3214  31,774] 23] - 20,299 16679 1,762 60: 4339 14% 1389  00% 294 0.0 88% 289 10294 784  0.6% 0.8% 0.3
3 School 1,868,48: 7L| 91| 288514 2 2,984]  1,200] 648,09 294 009 13.79 0.0 27.5¢ 009 154% 119 304 084  0.6% 0.1% 34.79
4 Escorting 1,429,18 175 .130| 161,721 82 - 25 00%  00%W 44894 019 42794 019 11394 034 054 0294 _ 0.0% 0.0% 0.09
5 Shopping 1,530,26: g uil 1168 163,771 1. 3374 4104 19| 5249 0.19] 21.39 0.9 10.9% 019 1079 084 234 0.8 0.1 0.3% 0.09
6 Maintenance|  1,276,85 548 ,271| 135194] 1. 8,43 10,559 o76| 47.89 119 20.79 029 1064 039 10.69 129 434 154 039 0.8% 0.19(
7 Eatout 376,13 137 ,518| 39,550 A 1,07 ,394] - 37.29 03% 2504 034 210 079 1054 279 129 039 _ 0.1% 0.4% 0.09
8 Visiting 543,974 18] 34 689 72,173 77 735 7] 3604 13%W 25694 029 16894 034 1339 184 2494 074 029 0.5% 0.09
9 Discretionary|  1,354,86: ,089)| 308,340 3569| 162,082 2 541 638 4,016  35.79 2230 029 22.8 034 12.09 229 229 089 0.2 0.6% 0.3Y
10 AtWork 515,744 261 4,126 - 175,917 821 7.473] 617 5434 o06%W 734 019 08% 004 3419 054 034 044  0.0% 1.49 0.1
Total 13,726,232 5523406 203358 2552320 34312 2,117,345 18,745 1,347,106 192,360 369,728 352,606 34,122 259597 60,625 660,511 4020 154 1864 029 1540 019 984 140 279 269 029 0.4% 4.8%
Model
Tour Mode Tour Mode Distribution
Purpose Total SOVNT SOVTL _ HOVZNT _ HOV2TL _ HOV3NT HOVTL  WALK DRIVE LO( DRIVE PRETAXI SCHBUS [SOVNT _ SOVTL _HOVZNT HOV2TL HOVSNT HOV3TL WALK  BIKE  WKLOCALWKPRE DRIVE LO(DRIVE PRETAXI _ SCHBUS
1 Work 4,122,16( 10,015 124,315] _ 74,065) - 6149 269 1334 159 359 059 2994 419 184 349 029 304 184 0.09
2 University 141,54 1615 5835 3,260 55.79 149 11.09 084 144 0.3 37%W 649 779 414 119 2.3% 0.09
3 School 1,714,72! 5.410] 1,935 875|  2,320] 800,405 29 00W 2479 0.0% 138 004 884 0794 234 0494 019 0.1% 46.7°
4 Escorting 1,400,81 55 - 00%  00% 4949 079 4129 079 644 104 064 0194 _ 0.0% 0.0% 0.09
5 Shopping 2,031,44( 2,400 - 2869 019 2159 0.0% _ 15.09 029 944 319 129 049 0.1 0.3% 0.09
6 Maintenance|  1,640,75! - 46.0% 0.5% _ 19.8% 0.19  15.99 0.89 29 19 2.4% 0.7 0.3% 1.1% 0.0
7 Eatout 653,821 4,810, 1,64 375 - 38.5 019 26.59 02%  25.0¢ T0W 399 3094 079 034  0.1% 0.7 0.09
8 Visiting 867,69 X 13,045] 7,39 735 - 37.9 13%W 2509  03% 2229  0.3% 3% 354 154 0994 0.9 0.7 0.0
9 Discretionary| 1,888,111 ,130| 513,675 6,87 1,445 2 - 36.5 059 2349 024 27.29 0.2% 8% 5% 084 049 0.1 1.194 0.09
10 At-Work 1,548,090 I ,640| 1,780( 7 - - 38,000] - 6479 069 544 029 019 00W 2479 179 019 004  0.0% 2.59 0.0
Total 16,009,15¢ 6,662,190 150,030 3,355170 83625 2,394,060 63,810 1,279,185 457,990 231435 188,835 23595 145425 173,395 800405 4160 099 2104 054 1509 049 80W 200 149 129 0aA 119 5.09
Difference (Model-Survey) Threshold 1,004 Threshold Threshold Threshold 1.0%
Tour Mode Tour Mode Distribution
Purpose Total SOVNT SOVTL  HOVZNT _ HOV2TL _ HOV3NT HOV3TL _WALK  BIKE WK LOCAL WKPRE __ DRIVE LO(DRIVE PRETAXI SCHBUS _|SOVNT _ SOVTL HOV2TL HOVSNT HOVTL WALK  BIKE WK LOCAI DRIVE LOCDRIVE PRETAXI___ SCHBUS
1 Work 478,76 324,22] 63,07 86,724 57,271 17,307 86,76 7083] 128,98 -2.15 50,304 6,07 119 33 239 1.3 1.89 139
2 University -88,26 654 121 -16.23 1124 -2,604 -15.06 250 12,63 12,170 1,49 12.49 2.8Y 359 2.5 319 159
3 School -153,751 -15.47 167,674 277,03 ~136.91 9,671 -15,69 822 8,954 112 15231 11.09 12.09
4 Escorting 28,371 50,87 8,51 -34,01 9.14d 72550 10,58: 1,021 1,351 459
5 Shopping 501,17 185,61 111,63 1,024 137,08 3617 27,204 981 9,85 2,98 1044 1414 1,67 3.8% 230 -1.0%
6 63,89 145,42 5,61 59,77 -1,364 124,23 908 16,05 35,66 -15,83 -6.98]] 4,681 8,14 1.7 199 -1.99
7 Eatout 77,68 111,93 79,39 84,28 3749 1432 9,044 3.17 139 159
8 Visiting 23,71 129,34 381 7,57 1131 101,04 17,26 20,71 3,324 351 1.29 .79
9 Discretionany| 33,24 204,92 6.75] 140,02 1,041 205,339 52,37 36,07 14,56 375 115 155 12,724 401 1.194 130 -1.4%
10 AtWork 1.032,35. 721,89 5,65 4541 3.37¢ 2,344 206,44 24,14 -1.147 | 30,61 10.49 -1.9% 1.294 1.09
Total 2,282,911 1,138,78: 53,32 802,851 49,31 276,71 45064 -67.92] 265,63 138,29 -163,86] -1052] 114,174 11277 139,894 1.49 2.4 154 129 1.4
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Table30: Validation of Tour Mode Choice Model (Tours to and from CBD)

Survey
Tour Mode Tour Mode Distribution
Purpost Total SOVNT __ SOVTL HOV2NT _ HOV2TL HOV3NT HOV3TL _ WALK BIKE WK LOCAL WK PRE __ DRIVE LO(DRIVE PRE TAXI SCHBUS |SOVNT _ SOVTL _ HOV2NT HOV2TL HOV3NT HOV3TL WALK  BIKE WK LOCALWK PRE__ DRIVE LOCDRIVE PRETAXI SCHBUS
1 Work 759,354 200,640] 11,322 50,166 502 18,257 190 6,111 18,566 46,709 187,343 5467| 196,537 13,679 3,859 26.49 1.5% 6.6% 0.1% 2.4% 0.0% 0.8% 2.4% 6.2% 24.79 0.7% 25.99 1.8% 0.5%
2 University 58,504 11,439 760 1,224 - 268 - 1,227 4,360 11,208, 10,799 1,264 15,580 375 - 19.6% 1.3% 2.19 0.0% 0.5% 0.0% 2.1% 7.5% 19.2% 18.59 2.2 26.6% 0.6% 0.0%
3 School 71,521 503 = 8,124 = 33,522 = 2,617 = ,002 7,888 1,325 o71 459 8,115 0.7 009  11.49 0.09 _ 46.99 0.0 6.5% 0.0 8.4%  11.0% 1.99 1.49 0.6% 11.39
4 Escorting 50,184 - - 28,473 94| 15,706 119 4,467 - ,325 - - - - - 0.09 0.0% 56.7% 0.2% 31.3% 0.2% 8.9% 0.09% 2.6% 0.0% 0.0 0.0% 0.0%
5 Shopping 39,472 8,337 327 7,341 - 4,652 13 7,470 3,064 ,924 3,716, 189 1,438 - - 21.19 0.8% 18.6% 0.0% 11.89 0.0% 18.9% 7.8% 7.4% 9.4% 0.5% 3.6% 0.0% 0.0%
6 92,661 22,144 911 20,961 143 ,922 1,264 2,855 2,214 ,685 12,896 2,205 6,117 2,007 336 23.99 1.0%9 22.69 0.2% 10.7% 1.4% 3.1% 2.49 9.4% 13.9% 2.4 2.29 0.49
7 Eatout 19,739 8,178, - 412 113 ,036 13 1,276 1728 ,578 763 - 465 177 - 41.49 0.0% 22.4% 0.6% 5.2% 0.1% 6.5% 8.8% 8.0% 3.9% 0.0% 2.4% 0.9% 0.0%
8 Visiting 22,788 5,581 - 799 - ,587 305 1,024 - 4,257 3,741 - 51 443 - 24.59 0.0% 16.79 0.0% 15.79 1.3% 4.5% 0.0% 18.7% 16.49 0.0% 0.29% 1.9% 0.0%
9 Di 62,102 16,347 - 1 ‘03—5| - 11,464 911 5,474 1,605 3471 4,043 198 4,409 2,661 434 26.3% 0.0% 17.8% 0.0% 18.5% 1.5% 8.8% 2.6 5.6%] 6.5% 0.3% 7.1% 4.3% 0.79
10 At-Work 27,48 13,717, - 3413| - 218 - 7,782 - 358 850 - 821 325 - 49.99 0.0% 12.4% 0.0% 0.8% 0.0% 28.3% 0.09% 1.3% 3.19% 0.0% 3.0% 1.2% 0.0%
Total 1,203,814 286,88’ 13,320 138,997 852 98,63 2,817 42,302 31,538 86,516 232,04 10,647 226,38 20,126 12,745 23.8% 1.19 11.59 0.1% 8.2% 0.2% 3.5% 2.6% 7.29% 19.3% 0.9% 18.8% 1.7% 1.19
Model
Tour Mode Tour Mode Distribution
Purpost Total SOVNT SOVTL HOV2NT HOV2TL HOV3NT HOV3TL WK LOCAL WK PRE DRIVE LO(DRIVE PRE TAXI SCHBUS |SOVNT _ SOVTL _ HOV2NT HOV2TL HOV3NT HOV3TL WALK BIKE WK LOCALWK PRE__ DRIVE LO(DRIVE PRETAXI SCHBUS
1 Work 537,365 166,065 6,465 38,010[ 240 13,465 140 37,500 121,350 4,080 121,390 9,790 - 30.99 1.2% 7.1% 0.0% 2.5% 0.0% 0.8% 2.79 7.0% 22.69 0.8% 22.69 1.8% 0.09
2 University 27,86 6,905 255 85 | 55 6,450 3,970 585 5,575 210 - 24.8% 0.9 2.59 0.2% 0.8 0.0 1.04 969 2329 1429 2.1 2 0.8 0.0
3 School 53,698 405 = ,895 = 24,255 4,895 5,005 1,075 840 400 6,415 0.8% 0.0% 11.09 0.0% 45.2% 0.0% 7.3% 1.1% 9.1% 9.3% 2.09% 0.7% 11.99
4 Escorting 39,76 - - 21,945 55 : ,140 255 - 5 - - 0.0% 0.0% 55.24 0.1% 29.59 0.2% 10.29 1.3% 2.9% 0.6% 0.0% 0.0% 0.09
5 Shopping 73,30 17,415 220 13,635 80 ,095 4,725 275 1,715 370 - 23.89 0.3% 18.6% 0.1% 11.89 0.0% 18.3% 9.1% 8.3% 6.4% 0.4% 0.5% 0.0%
6 Mai 85195 23,120 1,080 21,670 - 10,635 6,120 1525 3,025 1,795 - 27.19 139  25.49 0.09  11.4% 0.4Y 3.9Y 334 12,59 7.2 1.8% 2.19 0.0
7 Eatout 35,69 15,260 20 ,285 10 ,23! 1,250 60 950 275 - 42.8% 0.1% 20.4% 0.6% 3.9% 0.1% 7.8% 8.29 9.1% 3.5¢ 0.2% 0.8% 0.09
8 Visiting 45,41 11,395 620 7,085 30 ,600 390 ,245 1,695 ,44( 5,705, 30 60 815 - 25.19 1.4% 15.6% 0.7%% 14.59 0.9% 4.9% 3.7% 18.6% 126 0.1% 1.8% 0.0%
9 Di i y 79,008 21,700 410 13,370 65| 13,600 1,255 1965 2,155 4,54¢ 4,070 215 6,170 3,185 - 27.59 0.5% 16.99 0.5% 17.2% 1.6% 10.1% 2.79 5.8% 5.2 0.3% 4.0% 0.09
10 At-Work 26,855 16,870 470 3,010 320 280 95| 2,710 2,320 17 345 - - 265 - 62.8% 1.8% 11.2% 1.2 1.0% 0.4% 10.19 8.6% 0.6% 1.3 0.0% 1.0% 0.09
[ Total 1,004,13 279,13 9,540 132,59 1,655 89,955 2,320 44,88 37,065 83,105 152,79 7,845 139,73 17,105 6,415 27.8% 1.0% 13.29 0.2% 9.0% 0.2% 4.5% 3.7% 8.3% 15.29% 0.8% 1.79% 0.6%
Difference (Model-Surve Threshold 1,00 Threshold Threshold Threshold| 1.0¢
Tour Mode Tour Mode Distribution
Purpost Total SOVNT SOVTL HOV2NT HOV2TL HOV3NT HOV3TL _ WALK BIKE WK LOCAL WK PRE DRIVE LO(DRIVE PRE TAXI SCHBUS |SOVNT _ SOVTL _ HOV2NT HOV2TL HOV3NT HOV3TL WALK BIKE WK LOCALWK PRE _ DRIVE LO(DRIVE PRETAXI SCHBUS
1 Work -221,98 -34,57! -4,857 -12,15¢ -4,799 -1,89 -3,91 -9,20 -65,99: -1,387 75,14 -3,88 -3,85! 4.59 -2.19 -3.3%
2 University -30,644 -4,534 -1,699 4,75 -6,82 -10,00! 5.2% 2.1% 4.0% -4.29 -6.6%
3 school -17,839 2,22 -9.267] -1,107 -2,88¢ -1,70 -1.79 -1.7%
4 Escorting -10,424 -6,52¢ -3,961 -1.5% -1.8%
5 Shopping 33,82 9,07 6,294 4,01 5,94 3,631 3179 1,00 2.6% 1.4% -3.0%
6 Mai -7,46 1,951 6,77 -3,099 319  -6.7% -3.19
7 Eatout 15,953 7,083 2,87 1,524 1,204 1,659 1.3% -1.9% 1.4% 1.1%
8 Visiting 22,624 5,814 3,28 3,01 1,221 1,699 4,18 1,964 -1.19 -1.29 3.79% -3.99
9 Discretionary 16,905 2,284 2,136 2,491 1,074 1,76]] 119 -1.2% 1.3Y
10 At-Work -5,074 2,32 12.9% -18.2% 8.6%
Total -199,67' 7,759 -3,78 -6,407 -8,671 2,57 5,521 -3,41 79,24 -2,804 -86,65! -3,02] -6,33 4.09 1.1% 1.1% -4.19 -4.9%
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Validation results for théour time-of-day choice modedre presented irFigurel3for work tours andn
Figurel4for school tours (as examples of travel purposes with the mosminent peaking
characteristics) These modek have been estimated based on the CM#ARIseholdtravel survey and
applied with the enhanced level of temporal resolution of 30 ub@sthat was adpted in the recent
advanced versions of GRAMP developed for SANDAG and MABe tour timeof-day choice model
simultaneously treats such dimensions as departure time from home, arrival back home, and total tour
duration that includes the underlying pmiary activity duration, travel time to and frothe primary
destination, and time associated with stops for secondary activities on the way to andHequmimary
destination. Congestion and pricing effects are incorporated in the tiofielay choice modehrough
bi-directional periodspecific mode choice logsums. For 8 simulated highway network periods, 45 bi
directional combinations of departure and arrival times were form@&imeof-day choice models did
not require any calibration since the rich thoral structure of these modeis capable of capturing
peak profiles with a high level of accuracy.

Validationresultsfor tour departurefrom-home time and arrivabackhome time for work tours are
presented inFigurel3. Both outbound and inbound commuting peak pattenwsre replicated
remarkably well.

Figurel3: Validation of Timeof-Day Choice Model (Work Tours)
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Validation results for tour departurfom-home time and arrivabackhome time for school tours are
presented inFigureld. Bothoutbound and inbounddommuting peak patterns were replicated very
well.

Figurel4: Validation of Timeof-Day Choice Model (School Tours)
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Sensitivity Tests for Highway Pricing Scenarios

CMAP defined two hypothetical regional pricing scenariog$b the sensitivity of the GRAMP model

and evaluate elasticity of different model components with respect to highway tolls. The first scenario
assumed increasing all tolls currently applied in the region by a factor of 5 in albtides periods.

This test was primarily intended to evaluate sensitivity of mode choice and highway route type choice
(toll vs. nontoll). The second scenario assumed increasing tolls in the peak periods (700em and
4:00pm6:00pm) by a factor of 5 while tolls in tlo¢gher periods were kept at the base level. This test
was primarily intended to demonstrate sensitivity of tirmeéday choice.

Both scenarios were compared to the base year scenario across various dimensions and thareesults

presentedherein detail. The CMAP staff and PB team discussed the resulkesknsitivity tests at the
last conference call and concluded that the RAMP model exhibited very reasonable sensitivity and
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logical response to the scenarios across all main dimensions affecteadhway pricing (primarily mode
choice, route type choice, and tira-day choice). Below are sométhe most interesting and

convincing findings presented in a graphical form where the pricing scenarios are compared to the base
scenario in terms of theaumber of commuters to antiom the CBD using toll facilities.

Thie first graph belowFigurel5) illustrates the impact of tolls raised by a factor of 5 in all tiofielay
periods. Logoically, it resulted in a very significant reduction in the number of commuters to and from
the CBD hat use toll facilities. The most significant reduction in absolute terms occur in the peak
periods but in relative terms, there isnaore or lessuniform reduction inthe number of toll users by 60
70% in all timeof-day periods.

Figurel5: Impact of Global Pricing Increase
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The second graph belofirigurel6) illustrates the congestion pricing impacts when the tolls wetiead
by a factor of 5 in the peak periods oi{iz00am9:00am and 4:00pr6:00pm). The CTRAMP model
responded to this policy logidgl There is a substantial reduction in toll users in these periods while
there is less significant or no reduction irhet periods.Snce the CIRAMP models process work tours
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